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A  series  of  magnetostratigraphic  studies  is  presented 
from  localities  in  Victoria  and  southwestern  New  South 
Wales,  Australia.   These  localities  were  examined  in  order 
to  improve  the  age  resolution  of  known  Pliocene  and 
Pleistocene  fossil  vertebrate  sites  in  southeastern 
Australia.   Where  possible,  sections  that  contained  the 
fossil-bearing  horizons  were  sampled  directly.   In  cases  in 
which  the  original  locality  was  unavailable,  sections  that 
could  be  reliably  correlated  to  the  original  were  used  as 
substitutes.   This  study  revealed  that  the  following  age 
constraints  can  now  be  used  for  these  southeastern 
Australian  local  faunas:  Forsyth's  Bank:  (Kalimnan  Stage  and 
>  4.47  Ma);  Hamilton:  Gilbert  Chron  (4.46  ±  0.01  -  4.47  Ma) ; 
Boxlea:  Gilbert  Chron  ?  (>  4.10  Ma);  Parwan:  Gilbert  Chron 
(4.10  -  4.24  Ma);  Coimadai:  Late  Gilbert  Chron  (3.64  ±  0.01 
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-  3.88  Ma);  Fisherman's  Cliff:  Gauss  Chron  (2.92  -  2.47  Ma) ; 
Bone  Gulch:  Early  Matuyama  Chron  (2.47  -  1.88  Ma);  Dog 
Rocks:  Early  Matuyama  Chron  (2.47  -  2.03  ±  0.03  Ma);  Duck 
Ponds:  Late  Matuyama  Chron  (<  1.66  Ma  and  probably  >  0.98 
Ma) ;  Limeburner's  Point:  Late  Matuyama  or  Brunhes  Chron  (< 
0.98  Ma),  Hines  Quarry:  Late  Matuyama  or  Brunhes  Chron  (< 
0.98  Ma);  and  Nelson  Bay:  Late  Matuyama  Chron  (1.66  -  0.73 
Ma)  . 

Comparision  of  the  above  age  ranges  and  the 
distribution  of  taxa  within  the  local  faunas  was  made  to 
determine  whether  it  was  possible  to  construct  a  mammalian 
biostratigraphy  for  the  Australian  Plio-Pleistocene.   Whilst 
many  taxa  have  generic  first  appearance  datum  planes  in  this 
suite  of  local  faunas,  the  occurrence  of  these  FADs  are 
largely  restricted  to  only  a  few  intensively  studied 
localities.   This  period  of  Australian  mammal  history  is 
also  dominated  by  relative  stasis  in  evolutionary  rates  and 
fragmentation  of  the  biota  by  paleoclimatic  and  geographic 
endemism.   The  combination  of  these  factors,  together  with 
the  general  paucity  of  the  vertebrate  record,  has  hampered 
the  establishment  of  a  reliable  mammalian  biostratigraphy 
although  the  present  studies  represent  the  first  attempt 
toward  that  goal  in  Australia. 
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CHAPTER  1 
INTRODUCTION 

Mammalian  Biostratigraphy  in  Australia 

The  first  serious  mammalian  biostratigraphic  study  in 
Australia  was  carried  out  in  1831  in  the  Wellington  Caves  of 
New  South  Wales.   A  local  colonist,  Mr.  George  Ranken,  found 
bones  in  one  of  the  caves  and  guided  an  expedition  led  by 
the  famous  explorer  Major  T.  L.  Mitchell  to  the  area  (Rich 
et  al.,  in  press).   On  reaching  the  cave,  Ranken  lowered 
himself  down  to  a  ledge  and  then,  by  fixing  the  rope  to  a 
projecting  portion  of  rock,  proceeded  to  lower  himself  to 
the  next  ledge.   Australian  biostratigraphy  made  an 
inauspicious  start  when  the  "projection"  gave  way,  and 
Ranken  discovered  that  he  had  tied  the  rope  to  a  giant  bird 
femur  (probably  of  the  family  Dromornithidae) .   Ranken 
survived  the  fall  and,  together  with  Major  Mitchell, 
proceeded  to  collect  the  first  significant  fossil  fauna  from 
the  Australian  continent  (Rich  et  al.,  in  press,  after 
Mitchell,  1838,  p.  362). 

Early  vertebrate  paleontology  in  Australia  was 
characterized  by  an  inability  or  unwillingness  of  workers  to 
describe  fossil  material  "in-house."   Material  was  routinely 
sent  to  Europe  for  description  and  publication  by  the 
experts,  notably  French  and  English  anatomists,  in  a  manner 
that  smacks  of  intellectual  subservience  of  the  colonial 


paleontologists  to  their  European  counterparts.   This 
situation  led  to  a  distinctly  northern-hemisphere  bias  when 
questions  of  Australian  faunal  evolution  and  biostratigraphy 
were  considered.   The  comments  made  by  the  renowned  British 
comparative  anatomist,  Sir  Richard  Owen,  who  dominated  early 
work,  illustrate  this  point.   He  considered  that  "it  was 
necessary  to  search  Britain's  secondary  [Mesozoic] 
formations  to  find  specimens  analogous  to  Australia's  recent 
marsupial  fossil  forms"  (Rich,  1982,  p.  14).   The 
recognition  of  the  unique  character  of  mammalian  evolution 
on  the  island  continent  was  not  to  be  fully  accepted  until 
the  centre  of  studies  was  shifted  to  Australia. 

The  second  phase  in  the  development  of  Australian 
vertebrate  paleontology  began  in  the  1850s  and  continued 
into  the  next  century.   During  this  time  the  State  Surveys, 
Museums  and  Royal  Societies  all  came  into  being.   This  stage 
represented  a  period  of  transition  away  from  dependence  and 
towards  intellectual  parity  with  European  colleagues. 
Notable  workers  during  this  period  include  J.  T.  Gregory, 
Fredrick  McCoy,  Gerard  Krefft,  Robert  Ether idge  Jr.,  E.  C. 
Stirling,  A.  H.  Zietz  and  Charles  DeVis.   The  first 
expeditions  into  the  Lake  Eyre  region,  notably  to  Lake 
Callabonna,  were  made  and  led  to  the  discovery  of  the  first 
complete  skeletons  of  the  enigmatic  Diprotodon.  and  other 
members  of  the  Australian  megafauna.   Large  numbers  of 
fossils  were  also  recovered  from  the  Darling  Downs  and 
Chinchilla  areas  of  Queensland.   Many  new  fossil  sites  were 


discovered  through  construction  and  mining  operations 
induced  by  expansion  of  the  colonial  population.   Included 
in  this  category  are  the  Hamilton  (1860s) ,  Duck  Ponds 
(1875),  Parwan  (1892),  Limeburner's  Point  (1895)  and 
Coimadai  (1897)  local  faunas  from  Victoria,  all  of  which  are 
discussed  in  this  study  (Fig.  1.1). 

The  first  half  of  the  twentieth  century  represents  a 
relative  lull  in  Australian  vertebrate  paleontology.   This 
is  demonstrated  by  the  fact  that  none  of  the  above-named 
Victorian  local  faunas  were  seriously  begun  to  be  described 
until  the  late  1950s.   To  underline  the  point,  formal 
descriptions  of  the  Coimadai  and  Limeburner's  Point  local 
faunas  are  only  just  going  "in  press"  (Turnbull,  pers  comm. , 
1990) . 

Australian  vertebrate  paleontology  began  a  renaissance 
in  the  late  1950s  and  1960s  that  has  continued  to  the 
present.   Joint  expeditions  between  Australian  and  largely 
American  groups  were  led  by  people  such  as  E.  S.  Hills,  R. 
A.  Stirton,  R.  H.  Tedford,  D.  Ride  and  E.  D.  Gill;  these 
resulted  in  the  discovery  of  many  new  sites  in  the  Lake  Eyre 
Basin  and  other  areas.   Other  major  contributors  include  W. 
D.  Turnbull,  E.  L.  Lundelius  and  M.  0.  Woodburne  whose 
papers  are  commonly  cited  in  this  study.   Many  of  the  above- 
named  workers,  their  students,  and  a  home-grown  crop  of 
endemic  (dinki-di)  paleontologists  have  carried  on  the  work. 
The  discovery  or  formal  description  of  the  Hamilton, 
Forsyth's  Bank,  Fisherman's  Cliff,  Bone  Gulch,  Dog  Rocks, 


Figure  1.1. 


Location  map  of  all  mammalian  local  fauna 
localities  and  geologic  sections  examined  in 
this  study. 


Nelson  Bay  and  Hines  Quarry  Local  Faunas  (Fig.  1.1),  which 
are  discussed  in  this  study,  have  all  occurred  during  this 
period. 

Marsupial  biostratigraphy  and  evolution  also  advanced 
during  the  renaissance  of  the  1960s.   It  began  with  the 
seminal  work  of  Ride  (19  64)  who  produced  the  first 
phylogenetic  synthesis  of  Australian  fossil  marsupials.   It 
was  followed  by  the  introduction  of  three  important  new 
techniques.   These  are  the  biomolecular  studies  pioneered  by 
Kirsch  (1968,  1977)  and  continued  in  a  myriad  of  forms  by 
others  today  (see  Archer,  1987  for  a  review)  ;  the  '^°K-^°Ar 
isotopic  dating  of  basalts,  particularly  in  southeastern 
Australia  by  McDougall  et  al.  (1966)  and  Aziz-ur-Rahman  and 
McDougall  (1972) ;  and  phylogenetic  systematics.   These 
studies  have  led  to  great  advances  in  the  understanding  and 
interpretation  of  marsupial  evolution  and  biostratigraphy 
(Archer,  1982,  1984,  1987;  Flannery,  1990;  Marshall,  1981; 
P.  V.  Rich,  1982;  T.  H.  Rich  et  al.,  in  press;  Woodburne  et 
al. ,  1985) . 

Problems  in  Australian  Paleontology 

In  marked  contrast  to  the  abundant  and  well-studied 
faunas  from  the  northern  hemisphere,  there  are  several 
problems  that  confront  the  mammalian  paleontologist  working 
in  Australia.   The  most  important  is  the  lack  of  material 
available  for  study.   This  is  largely  because  the  dominant 
geomorphic  processes  active  on  the  continent  were  erosional 


during  the  Mesozoic  and  Cenozoic.   Terrestrial  vertebrate 
fossils  have  either  not  been  preserved  or  have  been 
destroyed  by  the  deep  soil  profiles  that  developed  over  much 
of  the  country.   This  problem  is  compounded  by  the 
remarkably  small  number  of  paleontologists  working  in 
Australia,  a  function  of  the  fiscal  restraints  imposed  by  a 
limited  tax-paying  population.   For  example,  today  there  are 
only  about  2  0  vertebrate  paleontologists  throughout 
Australia  actively  engaged  in  research  on  fossil  mammals  of 
that  continent.   The  extent  of  the  problem  was  highlighted 
by  the  recent  discovery  of  the  beautifully  opalized 
Steropodon  galmani  Archer  et  al.  (1985).   This  monotreme  is 
the  first  and  only  Australian  mammal  known  from  the  Mesozoic 
Era  after  150  years  of  active  paleontological  research  (it 
was  sold  to  the  Australian  Museum  by  an  opal  miner  who  had 
no  idea  what  he  had  but  needed  the  cash!).   The  oldest 
marsupial  fauna  is  the  geographically  isolated  Geilston  Bay 
Local  Fauna  (Tasmania)  of  late  Oligocene  age  which  remains 
enigmatic  because  of  poor  preservation.   Essentially,  the 
mammalian  vertebrate  record  does  not  show  any  depth  until 
the  middle  Miocene,  which  is  represented  by  localities  from 
the  Lake  Eyre  Basin,  Alcoota,  Bullock  Creek  and  Riversleigh. 
Late  Miocene,  Pliocene,  and  Pleistocene  localities  are 
better  represented,  but  are  still  few  in  number  and  quality 
relative  to  North  American  standards. 

The  other  major  problem  confronting  Australian 
paleontologists  is  the  lack  of  stratigraphic  and  chronologic 


controls  for  many  terrestrial  vertebrate  localities.   A 
general  lack  of  tectonic  activity  and  topographic  relief 
means  that  most  fossil  sites,  when  found,  occur  within 
relatively  thin  stratigraphic  sections.   Correlation  between 
sites  is  difficult  and  often  depends  on  the  faunal  stage-of- 
evolution  method  as  a  means  of  relative  age  estimation. 
Apart  from  terrestrial  faunas  that  have  marine  tie-ins, 
stratigraphic  correlation  to  dated  basalts  has  been  one  of 
the  few  methods  available  that  allow  development  of  age 
constraints  independent  of  the  faunas  themselves.   In 
eastern  and  southeastern  Australia  the  situation  is 
alleviated  to  a  certain  extent  by  the  presence  of  a 
widespread  suite  of  basalt  flows.   These  basalts  originate 
from  a  hot-spot  source  the  continent  has  been  passing  over 
as  it  has  drifted  north  from  Antarctica  during  the  Cenozoic 
(Wellman  and  McDougall,  1974;  White  et  al.,  1988).   Many  of 
these  basalts  have  been  isotopically  dated  and  thus  provide 
a  stratigraphic  basis  for  developing  age  constraints  at  some 
fossil  sites.   However,  of  the  isotopic  dates  currently 
published,  only  one  (at  Hamilton)  has  been  established  for  a 
site  where  the  basalt  is  in  visible  contact  with  the  bone 
bearing  horizon. 

Another  method  that  previously  has  received  little 
attention  in  Australia  is  magnetic  polarity  stratigraphy. 
The  southeastern  Australian  basalt  complexes  were  prominent 
in  the  research  that  allowed  development  of  the  geomagnetic 
timescale  in  the  late  1950s  and  1960s  (Green  and  Irving, 


1958;  McDougall  et  al.,  1966;  Aziz-ur-Rahman,  1971). 
However,  apart  from  two  studies  done  in  the  Murray  Basin 
(Bowler,  1980;  An  et  al.,  1986),  the  potential  applications 
of  this  method  for  dating  fossil  localities  have  been 
ignored. 

Australian  Stages 

Due  to  the  poor  record  of  Cenozoic  terrestrial 
vertebrates  in  Australia  there  are  no  equivalents  to  the 
North  American  Land  Mammal  Ages  (Woodburne,  1987) .   As  a 
result  of  this  situation,  paleontologists  working  in 
Australia  have  made  use  of  the  invertebrate  stage  system  as 
an  alternative  in  locations  where  mammalian  fossils  have 
been  found  associated  with  marine  units.   This  situation 
occurs  with  the  Forsyth's  Bank,  Hamilton,  and  Nelson  Bay 
local  faunas  of  the  Otway  basin,  and  the  Dog  Rocks  Local 
Fauna  of  the  Port  Phillip  Basin,  all  of  which  are  discussed 
in  this  study  (Fig.  1.1). 

Fortunately,  these  mammal  localities  are  near  the  type 
sections  that  define  the  widely  used  Neogene  Australian 
stages  which  occur  within  the  Otway  and  Port  Phillip  Basins, 
or  the  nearby  Gippsland  Basin.   These  local  stages  are  used 
in  preference  to  European  stages  because  of  doubts  and 
contoversy  in  correlations  between  the  two  (Abele  et  al., 
1988) .   The  first  invertebrate  stage  system  was  proposed  by 
Pritchard  and  Hall  (1902),  and  later  underwent  major 


additions  and  modifications  after  Singleton  (1941) ,  Crespin 
(1943),  Carter  (1959),  Wilkins  (1963),  and  Ludbrook  and 
Lindsay  (1969) .   The  current  status  of  these  Neogene  stages 
is  presented  in  Abele  et  al.  (1988)  (Fig.  1.2). 

The  Neogene  stages  mentioned  in  this  study  are,  from 
oldest  to  youngest,  the  Batesfordian,  Balcombian, 
Mitchellian,  Cheltenhamian,  Kalimnan  and  Werrikooian  stages. 
The  first  two  and  the  last  one  are  defined  on  the  basis  of 
foraminiferal  assemblages  and  the  middle  three  on  molluscan 
assemblages.   The  Batesfordian  through  Mitchellian  Stages 
span  a  range  of  early  through  late  Miocene  (Abele  et  al., 
1988)  (Fig.  1.2).   These  stages  are  not  directly  relevant  to 
this  study,  with  the  exception  that  they  are  represented  in 
units  below  the  Dog  Rocks  fossil  bearing  horizon  at 
Batesford  Quarry. 

The  Pliocene  was  originally  represented  by  the  Kalimnan 
Stage  of  Singleton  (1941) .   It  was  proposed  for  the 
Gippsland  Basin  where  it  was  underlain  by  the  Mitchellian 
Stage.   The  Cheltenhamian  Stage  was  originally  proposed  for 
a  Pliocene/Miocene  section  located  at  Black  Rock  in  the  Port 
Phillip  Basin  (Singleton,  1941) .   Wilkins  (1963)  later 
redefined  it  as  a  stratigraphic  interval  that  separated  the 
Mitchellian  and  Kalimnan  Stages  of  the  Gippsland  Basin, 
essentialy  replacing  the  lower  half  of  the  Kalimnan  Stage  as 
defined  by  Singleton  (1941) .   This  redefinition  has  been 
accepted  by  Abele  et  al .  (1988)  although  the  basis  for  the 
subdivision  is  unclear.   Currently,  the  Mitchellian  is 
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regarded  as  late  Miocene,  the  Cheltenhamian  as  straddling 
the  Miocene-Pliocene  boundary  and  the  Kalimnan  as  Pliocene 
(probably  largely  early  Pliocene)  (Abele  et  al . ,  1988)  (Fig. 
1.2).   In  this  study  Kalimnan  Stage  sediments  are 
encountered  in  the  Forsyth's  Bank,  Hamilton  and  Dog  Rocks 
local  fauna  sections. 

A  hiatus  occurs  between  the  Pliocene  Kalimnan  Stage  and 
the  very  late  Pliocene-early  Pleistocene  Werrikooian  Stage 
(Fig.  1.2).   The  Werrikooian  Stage  type  section  is  in  the 
lower  part  of  the  Whalers  Bluff  Formation  of  the  Otway  Basin 
(Abele  et  al.,  1988)  and  has  a  temporal  equivalent  in  the 
Newer  Volcanics  unit  which  is  encountered  at  the  top  of  the 
Dog  Rocks  section. 

Australian  invertebrate  stages,  as  used  in  a  mammalian 
biochronological  context,  were  most  recently  reviewed  in  the 
land  mark  paper  of  Woodburne  et  al.  (1985).   This  paper 
presented  a  synopsis  of  current  knowledge  of  the  continental 
fossil  mammal  record  of  Australia  and  New  Guinea,  describing 
the  record  both  in  terms  of  localities  and  phyletic  groups. 
With  the  exception  of  the  Limeburner's  Point  and  Nelson  Bay 
local  faunas,  the  Woodburne  et  al.  (1985)  paper  discusses 
all  the  local  faunas  examined  in  this  study.   The  local 
fauna  ages  they  present  are  based  on  stratigraphic 
relationships  with  inter-tonguing  marine  sequences;  or  on 
previously  established  '^^K/'^^Ar  dates  for  basalts  related  to 
fossil  localities  by  superposition  arguments,  interpolations 
or  long  distance  correlations.   The  research  presented  in 
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this  dissertation  compliments  the  Woodburne  et  al.  (1985) 
paper  by  using  a  dating  technique  which  permits  direct 
analysis  of  fossil  localities,  enhancing  many  of  the 
previously  established  local  fauna  ages  and  redefining 
others,  in  the  process. 

The  utilization  of  invertebrate  stages  to  define  mammal 
assemblage  ages  is  not  new,  but  was  traditionaly  the  case 
elsewhere  in  the  world.   However,  as  better  chronologies 
have  been  developed  on  other  continents  modern  mammalian 
biostratigraphy  has  tended  to  replace  older  invertebrate 
terminologies.   Thus  the  early  Miocene  Burdigalian  and  late 
Miocene  to  Pliocene  Pontian  have  been  replaced  by, 
respectively,  the  Orleanian  and  Turolian  in  Europe  (Savage 
and  Russel,  1983) .   Although  the  Australian  sequence  is  not 
far  enough  along  for  a  similar  transition  to  occur,  the 
development  of  a  terrestrial,  land-mammal  based 
biochronology  will  evolve  as  independent  chronologies,  such 
as  this  study  presents,  continue  to  be  established. 


Purpose  of  this  Study 

The  purpose  of  this  study  is  to  constrain  as  tightly  as 
possible  the  ages  of  a  series  of  fossil  mammal  faunas  from 
southeastern  Australia.   The  primary  method  of  achieving 
this  goal  has  been  through  magnetostratigraphic  studies  of 
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fossil  bearing  sections  which  are  then  calibrated  to  the 
geomagnetic  timescale  by  stratigraphic  correlations  to 
established  magnetostratigraphic  sections,  isotopically 
dated  basalts,  or  marine  sections  with  good  biochronologic 
control.   The  local  faunas  were  then  examined  within  this 
temporal  framework  to  see  if  they  might  provide  the  basis 
for  a  mammalian  biostratigraphy  for  the  Australian  Pliocene 
and  Pleistocene. 

Ancilliary  Studies 

Whilst  collecting  magnetic  samples  at  the  fossil 
localities  discussed  in  this  report,  an  interest  was  also 
maintained  in  collecting  and  describing  two  of  the  local 
faunas  from  Victoria.   The  collection  of  the  Dog  Rocks  Local 
Fauna  was  largely  conducted  prior  to  my  arrival  at  Florida. 
The  work  consisted  of  hand  sieving  80  metric  tonnes  of 
material  for  a  total  yield  of  3.5  kg  of  bone  fragments  and 
approximately  250  teeth.   Work  on  describing  the  fauna  is 
currently  in  progress  and  a  total  of  some  22  taxa  are  now 
recognized  (Whitelaw,  1989) .   Over  the  last  three  years  I 
have  continued  to  add  to  the  Nelson  Bay  Local  Fauna.   Work 
involved  prospecting  along  the  cliff  edge  for  macrofaunal 
elements  and  sieving  of  matrix  in  the  Southern  Ocean  surf  in 
order  to  recover  the  microfauna.   The  sieving  has  produced  a 
hitherto  little  known  microfauna  including  rodents, 
dasyurids  and  a  new  Ektopodontid  (Whitelaw,  1990e) .   The 
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fauna  is  now  being  described  and  currently  totals  20 
mammalian  taxa. 

Consideration  was  also  given  to  the  possible  use  of  the 
Sr/   Sr  at  localities  that  included  marine  units  in  order 
to  develop  a  strontium  isotope  stratigraphy  for  the  southern 
Australian  coast.   This  was  to  be  done  with  a  marine  core  on 
which  chronologic  controls  had  been  developed  using 
magnetostratigraphy.   To  this  end,  a  core  taken  from  15  km 
off  the  coast  of  Portland  (BMR  53)  was  obtained.   Fossil 
invertebrate  material  was  collected  from  several  sites  in 
Victoria,  including  the  Dog  Rocks,  Nelson  Bay,  Forsyth's 
Bank,  Lake  Tyers  and  Bunga  Creek  localities  on  the 
assumption  that  the  strontium  method  would  be  viable  (Fig. 
1.1).   Seventy-six  closely  spaced  samples  were  collected 
from  BMR  53  for  magnetostratigraphic  analysis.   All  samples 
were  of  normal  polarity  indicating  that  the  base  of  the  core 
was  no  older  than  the  Brunhes  Chron.   Unfortunately,  this 
part  of  the  strontium  curve  is  essentially  flat  and 
therefore,  unsuitable  for  resolution  by  strontium  dating. 
Furthermore,  analysis  of  shell  material  from  most  localities 
showed  that  carbonate  recrystallization  and  contamination 
was  a  major  problem.   Therefore  the  strontium  study  was 
discontinued  and  magnetostratigraphy  became  the  main  method 
employed  in  deriving  chronologic  constraints  for  the  local 
faunas  discussed  in  this  report. 


CHAPTER  2 

MAGNETIC  POLARITY  STRATIGRAPHY  OF  THE  HAMILTON  LOCAL 

FAUNA  AND  FORSYTH'S  BANK  FOSSIL  VERTEBRATE  SECTIONS 


Introduction 

The  Hamilton  Local  Fauna  is  the  most  productive 
Pliocene  vertebrate  fauna  in  southern  Australia.   It  is 
located  approximately  7  km  west  of  Hamilton,  on  the  south 
bank  of  the  Grange  Burn,  about  100  m  downstream  from  a 
small  waterfall  (37°  43'  S,  141°  57.3'  E)  (Fig.  2.1). 
Vertebrate  fossils  were  first  recovered  from  the  area  in 
the  1860's  (see  Gill  [1955]  for  a  good  reference  list  of 
early  discoveries) .   The  majority  of  the  fauna  was 
recovered  by  Turnbull  and  Lundelius  (1970)  and  by  Rich 
during  field  seasons  in  1978-80.   This  material  is 
currently  being  described  and  re-evaluated  (Flannery  et 
al.,  1987  and  in  press;  Turnbull,  Rich  and  Lundelius, 
1987a-c)  with  the  faunal  list  including  some  28  mammalian 
fossil  taxa  (Rich  et  al.,  in  press). 

The  fossil  bearing  strata  are  overlain  by  an 
isotopically  dated  basalt  (K-Ar  age  of  4.46  +  0.01  Ma; 
Turnbull  et  al.,  1965)  and  underlain  by  a  Kalimnan  Stage 
macro-invertebrate  fauna  (Abele  et  al.,  1988).   These 
stratigraphic  relationships  give  the  Hamilton  Local  Fauna 
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the  most  well  constrained  age  of  any  vertebrate  fauna  in 
Australia,  and  therefore  allows  it  to  be  used  as  a 
benchmark  locality  for  the  study  of  mammalian  evolution. 
The  results  of  this  study  further  constrain  the  age  of 
the  locality  by  using  magnetic  polarity  stratigraphy  to 
generate  a  lower  age  constraint  for  the  vertebrate  fauna. 

The  Forsyth's  Bank  fauna  consists  of  a  single 
specimen,  a  ramus  of  Protemnodon  sp.  which  was  found  in 
1933  (Gill,  1953).   The  ramus  was  recovered  from  the  bank 
of  the  Grange  Burn,  approximately  8  km  west  of  Hamilton 
(37°  43.7'  S,  141°  56.7'  E)  (Fig.  2.1).   It  was  found  in 
the  Grange  Burn  Formation,  a  marine  carbonate  which 
yields  a  Kalimnan  Stage  (ca.  5.0-3.5  Ma)  molluscan  fauna 
(Ludbrook,  1973) .   This  fossil  is  one  of  the  oldest 
Tertiary  vertebrates  known  from  Victoria.   In  order  to 
further  constrain  the  age  of  this  locality,  paleomagnetic 
samples  were  collected  from  a  section  at  Forsyth's  Bank 
in  an  attempt  to  generate  a  magnetic  polarity 
stratigraphy  for  correlation  to  the  timescale. 

Geologic  Setting 

The  Hamilton  section  is  characterized  by  a  1.3  m 
thick  fossil  soil  that  contains  the  Hamilton  Local  Fauna, 
which  is  underlain  by  the  marine  Grange  Burn  Formation 
and  overlain  by  a  basalt  flow  (Fig.  2.2).   The  basalt  is 
approximately  1.5  m  thick  and  has  been  isotopically  dated 
by  the  '^^K-'^^Ar  method  at  4.46  ±  0.01  Ma  (Rich  et  al.,  in 
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press;  corrected  from  an  original  date  of  4.35  +  0.01  Ma 
after  Turnbull  et  al.,  1965,  using  the  revised  ^°K-^°Ar 
decay  constants  in  Steiger  and  Jager,  1977) .   The  same 
basalt  produced  a  normal  polarity  from  a  single  sample 
(GA  1141)  that  was  collected  for  paleomagnetic  analysis 
(McDougall  et  al . ,  1965).   This  determination  is  useful 
but  a  polarity  produced  from  a  single  sample  is  not 
considered  sufficient  to  warrant  the  establishment  of  a 
magnetic  polarity  stratigraphy  (McElhinny,  1973) . 

The  basalt  is  underlain  by  a  duplex  soil  which 
contains  a  grey  to  blue  silty  sand  in  the  ^A'  horizon  and 
a  ^B'  horizon  characterized  by  the  presence  of  abundant 
carbonate  nodules.   Softwoods,  in  growth  position,  and 
large  numbers  of  fossil  teeth  and  rare  bone  fragments 
have  been  recovered  from  the  ^A'  horizon  (Abele  et  al . , 
1988)  . 

The  paleosol  is  underlain  by  the  marine  Grange  Burn 
Formation  which  contains  a  molluscan  fauna  indicative  of 
the  Kalimnan  Stage  (Ludbrook,  197  3) .   The  Grange  Burn 
Formation  was  not  sampled  at  this  section  but 
approximately  1  km  downstream,  at  the  Forsyth's  Bank 
locality,  where  approximately  four  meters  of  the  unit  are 
exposed  (Fig.  2.2).   At  Forsyth's  Bank  the  unit  is 
characterized  by  the  occurrence  of  rich  molluscan  coquina 
lenses  within  a  flaggy,  shelly  marl. 
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Paleomaqnetic  Procedures  and  Results 


Materials  and  Methods 

As  is  standard  paleomagnetic  procedure,  three 
separately  oriented  hand  samples  (A,  B  and  C)  were 
collected  from  each  of  seven  sites  at  the  Hamilton  Local 
Fauna  section  and  each  of  four  sites  at  the  Forsyth's 
Bank  section  (Fig.  2.2).   Samples  were  cut  into  standard 
2.5  cm  cubes  for  analysis.   All  samples  were  analyzed  in 
the  Paleomagnetics  Laboratory  at  the  University  of 
Florida,  which  contains  a  Superconducting  Technology 
cryogenic  RF-driven  SQUID  magnetometer  (Goree  and  Fuller, 
1976)  in  a  shielded  room  which  attenuates  the  ambient 
field  to  ca.  200  nT  (see  Scott  and  Frohlich,  1985,  for 
similar  design  details) . 

The  A  sample  from  each  site  was  treated  with  a 
stepwise  thermal  demagnetization  regime  of  0-63  0°  C  (16 
steps)  in  a  Schonstedt  thermal  demagnetizer.   The  B 
sample  from  each  site  was  treated  with  a  stepwise  AF 
demagnetization  regime  of  0-100  mT  (11  steps)  on  a 
Schonstedt  AF  demagnetizer.   The  AF  demagnetization 
regime  failed  to  completely  demagnetize  some  sediment 
samples;  therefore,  the  B  samples  were  further  treated 
with  a  thermal  demagnetization  regime  identical  to  that 
applied  to  the  A  samples,  as  also  were  the  C  samples. 
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All  basalt  samples  were  subjected  to  a  stepwise  AF 
demagnetization  regime  of  0-100  mT  (11  steps). 
Hamilton  Section  Results 

The  basalt  samples  collected  from  all  three  sites  in 
the  Hamilton  section  exhibited  identical  demagnetization 
characteristics.   A  stable  characteristic  component  over 
a  demagnetization  range  of  40-90  mT  was  isolated  (Fig. 
2.3a).   Two  sites  produced  three  samples,  each  with 
concordant  directions  and  R  values  >2.62  (after  Fisher, 
1953)  and  are  categorized  as  Class  I  normal  polarity 
sites  after  Opdyke  et  al.  (1977).   The  remaining  basalt 
site  produced  two  samples  with  concordant  directions  and 
is  categorized  as  a  Class  III  normal  site.   In  the 
Hamilton  sediment  samples,  a  stable  characteristic 
component  was  generally  isolated  over  a  demagnetization 
range  of  0-550°  C  (Fig.  2.3b).   Three  sites  produced 
three  samples  each  with  concordant  directions  and  R 
values  >2.62  and  are  categorized  as  Class  I  normal 
polarity  sites.   One  site  produced  three  samples  with 
similiar  characteristic  directions  but  an  R  value  of 
2.60.   It  is  categorized  as  a  Class  III  normal  polarity 
site. 

Isothermal  remanent  magnetization  (IRM)  experiments 
were  performed  on  samples  from  two  sites  and  both  reached 
a  saturation  plateau  by  100  mT,  but  then  continued  to 
increase  slowly  (Fig.  2.3d).   This  suggests  the  presence 
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Paleomagnetic  data  plots.  (A)  AF 
demagnetization  Zijderfeld  for  Hamilton  Site 
100.1;  (B)  AF/Thermal  demagnetization 
Zijderfeld  for  Forsyth's  Bank  .Site  200.2  (C) 
AF  demagnetization  Zijderfeld  for  Hamilton 
Site  104.2;  (D,E,F)  Isothermal 
remanence  saturation  plots  for  Hamilton 
(Sites  102  and  106)  and  Forsyth's  Bank  (Site 
201) ,  respectively. 
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of  at  least  two  carriers  of  the  natural  remanent 
magnetism  (NRM) ,  a  low  coercivity  mineral  which  is 
probably  the  major  contributor  to  the  NRM,  and  a  high 
coercivity  mineral  which  adds  a  lesser  component.   The 
IRM  data,  together  with  unblocking  spectra  obtained  from 
demagnetization  studies  suggest  that  magnetite  is 
probably  the  low  coercivity  mineral  and  that  goethite  may 
be  the  high  coercivity  component.   IRM  experiments 
carried  out  on  a  sample  of  basalt  from  this  locality 
produced  greater  than  80%  saturation  by  100  mT  (Fig. 
2.3e).   This,  along  with  AF  demagnetization 
characteristics,  indicates  that  magnetite  is  probably  the 
main  carrier  of  the  NRM  in  the  basalts  from  this  section. 
Forsyth ^s  Bank  Section  Results 

The  interpretation  of  the  Forsyth's  Bank  section 
magnetostratigraphy  is  unclear.   Two  antiparallel 
components  appear  to  be  preserved  in  site  2  03  (Fig. 
2.3c).   The  first  is  a  normal  polarity  overprint  that  was 
successfully  removed  by  350°  C.   The  second,  which 
appears  to  be  the  stable  characteristic  component  for  all 
three  samples  is  of  reversed  polarity.   These  samples 
give  a  Fisher  R  >2.62  and  the  site  is  characterized  as  a 
Class  I  reversed  polarity  site.   One  sample  from  site  202 
displays  similar  decay  characteristics,  but  all  other 
samples  produce  demagnetization  trends  characterized  by 
straight  decays  to  the  origin  and  normal  polarities. 
These  samples  were  very  hard  and  extremely  difficult  to 
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prepare,  due  to  apparent  carbonate  recrystallization,  and 
the  normal  polarity  component  isolated  in  these  samples 
may  be  an  overprint  that  was  introduced  during 
recrystallization.   In  many  samples  the  depositional 
remanent  magnetism  (DRM)  has  been  lost  or  obscured.   Site 
203  may  preserve  the  DRM  but  a  single  Class  I  site  is  a 
tenuous  basis  on  which  to  propose  a  magnetostratigraphy. 
Therefore,  the  magnetic  polarity  stratigraphy  of  the 
Forsyth's  Bank  section  remains  problematic. 

IRM  experiments  carried  out  on  samples  taken  from 
Forsyth's  Bank  achieved  greater  than  8  0%  saturation  by 
100  mT  (Fig.  2.3f).   This  indicates  the  presence  of  a  low 
coercivity  mineral,  probably  magnetite,  as  the  carrier  of 
the  NRM. 


Correlation  to  the  Geomagnetic  Polarity  Timescale  and 

Conclusions 


The  entire  Hamilton  section  is  characterized  by  a 
single  zone  of  normal  polarity  (Fig.  2.2).   This 
polarity,  in  addition  to  the  revised  ^*^K-'*°Ar  age  of  4.46 
+  0.01  Ma  for  the  basalt  which  caps  the  section, 
correlates  well  with  the  4.40-4.47  Ma  normal  polarity 
event  of  the  Gilbert  Chron.   Tree  stumps  found  in  situ  in 
the  A  horizon  of  the  fossil  soil  have  been  burnt  and 
indicate  that  the  soil  is  probably  contemporaneous  with 
the  flow  (Turnbull  et  al.,  1965).   Therefore,  the 
continued  normal  polarity  below  the  basalt  suggests  that 
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the  entire  sequence  was  formed  during  the  same  normal 
magnetic  polarity  event.   The  age  of  the  Hamilton  Local 
Fauna  is  then  constrained  between  4.46  +  0.01  and  4.47 
Ma. 

The  magnetic  polarity  stratigraphy  of  the  Forsyth's 
Bank  locality  was  not  resolved.   The  age  of  this  locality 
is  currently  constrained  to  fall  within  the  Kalimnan 
Stage  (ca.  5-3.3  Ma),  on  the  basis  of  its  molluscan 
fauna,  and  to  be  older  than  4.46  +  0.01  Ma,  the  age  of 
the  overlying  basalt.   If  the  suspected  DRM  of  this 
section  is  indeed  of  reversed  polarity,  the  age  of  this 
locality  may  be  constrained  to  either  the  4.47-4.57  Ma 
reverse  polarity  event  or  to  the  overlap  of  the  4.77-5.35 
Ma  reversed  polarity  event  and  the  base  of  the  Kalimnan 
Stage. 


CHAPTER  3 

MAGNETIC  POLARITY  STRATIGRAPHY  OF  THE  PARWAN,  COIMADAI 

AND  BULLENGAROOK  FLOW  SECTIONS 


Introduction 

Magnetic  polarity  stratigraphy  has  been  successfully 
used  at  several  Plio-Pleistocene  fossil  localities  in 
southeastern  Australia,  including  the  Nelson  Bay  Local 
Fauna  (MacFadden  et  al.,  1987),  the  Dog  Rocks  Local  Fauna 
(Whitelaw,  1989)  and  the  Fisherman's  Cliff  and  Bone  Gulch 
local  faunas  (Whitelaw,  1990a) .   Results  from  three 
exposures,  which  include  a  section  from  Parwan,  an 
outcrop  of  the  Coimadai  Dolomite,  and  the  Bullengarook 
(basalt)  flow  are  presented  in  this  study.   In  addition, 
the  implications  for  the  ages  of  the  Boxlea,  Parwan  and 
Coimadai  local  faunas  are  discussed.   This  suite  of  local 
faunas  occurs  in  close  proximity  to  each  other  and 
appears  to  form  a  superimposed  temporal  series  of  early 
Pliocene  age.   Previous  age  determinations  are  based  upon 
the  assumption  that  the  local  fauna  sections,  or  their 
stratigraphic  correlatives,  are  overlain  by  the 
Bullengarook  flow  which  has  produced  ^^K-'*  Ar  ages  of 
3.31  ±  0.01  Ma  and  3.64  +  0.01  Ma  (McKenzie  et  al . ,  1983) 
(Fig.  3.1).   Results  presented  here  indicate  that  this 
assumption  is  incorrect  for  the  sections  that  contain  the 
Pairwan  and  Boxlea  local  faunas. 
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Figure  3.1.   Locality  and  Geologic  Map  of  the  Bacchus 
Marsh  Area. 
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Previous  Work  and  Local  Fauna  Descriptions 

The  Boxlea  Local  Fauna  was  recovered  from  the 
overburden  of  an  open-cut  brown  coal  mine  located  near 
the  mouth  of  the  Parwan  Creek,  1.5  km  east  of  Bacchus 
Marsh  (37°  41.5'  S,  144°  27'  E)  (Fig.  3.1).   The  fauna 
includes  Propleopus.  Vombatus .  Trichosurus  and  small 
macropodids  (Woodburne  et  al.,  1985). 

The  Parwan  Local  Fauna  was  recovered  during  the 
excavation  of  a  railway  cutting  2.0  km  southeast  of 
Bacchus  Marsh  and  1.5  km  west  of  the  Parwan  Railway 
Station  in  1882  (37°  41.6'  S,  144°  27.3'  E)  (Fig.  3.1). 
A  note  curated  with  this  material  describes  the  location 
of  the  find  as  "240  feet  east  of  the  west  end  of  the 
railway  cutting,  west  of  Parwan  Station;  14  inches  above 
the  Older  basalt  flow."   The  fossils  were  recovered  from 
interbasalt  sediments  at  this  location,  and  include 
Sarcophilus,  a  vombatid,  a  phalangerid  and  rodents 
(Woodburne  et  al.,  1985). 

The  Coimadai  Local  Fauna  was  discovered  during 
operations  in  Alkemade's  Quarry  in  1897  (Officer  and 
Hogg,  1897-8) ,  while  mining  lacustrine  dolomitic 
limestones  for  mortar  in  the  1890s.   The  quarry  is 
situated  approximately  8  km  northwest  of  Bacchus  Marsh 
(37°  37'  S,  144°  29.5'  E) ,  but  is  now  submerged  under  the 
waters  of  the  Merrimu  Reservoir  (Fig.  3.1).   I  visited 
this  site  in  1985  when  the  reservoir  was  partly  drained, 
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for  repairs  and  enlargements,  and  Alkemade's  Quarry  and 
its  associated  kiln  complex  was  briefly  above  water 
level.   The  site  was  prospected  and  sampled  for 
vertebrate  and  micro-vertebrate  remains  but  no  additional 
material  was  recovered.   C.  W.  De  Vis  in  Appendix  A  of 
Officer  and  Hogg  (1897-8)  described  the  recovery  of  22 
bones  and  molds  from  this  site  and  identified  Phascolomys 
parvus.  Halmaturus  dryas.  H.  anak,  H.  cooperii  and 
Nototheridae  in  the  fauna.   The  quality  of  preservation 
of  this  material  is  poor  and  Woodburne  et  al.  (1985) 
question  De  Vis's  identifications.   This  material  has 
been  prepared  and  redescribed  by  Turnbull,  Lundelius  and 
Tedford  (in  press)  and  the  revised  local  fauna  currently 
includes  Euowenia.  Zygomaturus .  Vombatus  (near  V. 
hirsutus,  Vombatus  ("Phascolomys  parvus")  and  four 
macropods  which  include  Kurrabi,  Protemnodon,  Troposodon 
and  Macropus. 

Currently,  the  age  of  all  three  local  faunas  is 
based  on  their  presumed  stratigraphic  relationships  to 
the  Bullengarook  basalt  flow,   '^°K-'*°Ar  dates  of  3.31  + 
0.01  Ma  and  3.64  +  0.01  Ma  have  been  produced  for  this 
flow  at  a  locality,  marked  by  a  spectacular  waterfall,  15 
km  north  of  Bacchus  Marsh  (Roberts,  1984)  (Fig.  3.1). 
The  Bullengarook  flow  can  be  continuously  traced  for  15 
km  south  of  the  waterfall  until  it  is  interrupted  by  a 
1.2  km  wide  valley  that  contains  the  Lerderderg  and 
Werribee  Rivers  and  the  Parwan  Creek,  just  east  of 
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Bacchus  Marsh  (Fig.  3.1).   Woodburne  et  al.  (1985) 
describe  the  Boxlea  Local  Fauna  as  occurring  in  beds  of 
the  Rowsley  Formation  which  "lies  beneath  a  weathered 
basalt  flow  that,  near  Parwan,  is  separated  by  inter- 
basalt  sediments  from  the  overlying  Bullengarook  flow." 
They  describe  the  Parwan  Local  Fauna  as  occurring  in  the 
same  interbasalt  sediments  within  1  km  of  Boxlea  (Fig. 
3.1).   This  description  indicates  that  they  correlate  the 
Bullengarook  flow  on  the  north  side  of  the 
Lerderderg/Werribee/Parwan  Valley  to  the  flow  that  lies 
over  the  fossil  localities  on  the  south  side.   Therefore, 
the  age  given  for  these  two  localities  is  older  than  3.31 
+  0.1  or  3.64  +  0.1  Ma,  the  age  of  the  presumed  southern 
extension  of  the  Bullengarook  flow. 

The  age  of  the  Coimadai  Local  Fauna  is  also  based  on 
its  stratigraphic  relationship  to  the  Bullengarook  flow. 
At  Alkemade's  Quarry,  the  lacustrine  dolomites  which 
contain  the  fauna  are  overlain  by  a  layer  of  ash.   This 
may  be  correlated  to  similar  sections  to  the  west  that 
directly  underlie  undoubted  Bullengarook  flow  basalts 
(Coulson,  1924) .   Based  on  this  correlation,  Woodburne  et 
al.  (1985)  have  suggested  an  age  of  greater  than  3.64  Ma 
for  the  Coimadai  Local  Fauna. 
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Geologic  Setting 
Boxlea 

The  exposure  of  the  relevant  stratigraphic  section 
at  Boxlea  is  currently  in  a  flooded  part  of  the  Boxlea 
coal  mine.   Therefore,  description  of  this  site  is 
dependent  on  an  original  note  stored  with  the  material  at 
the  Museum  of  Victoria  and  descriptions  of  the  coal  mine 
by  Thomas  and  Baragwanath  (1949)  and  Abele  et  al.  (1988). 
The  fossils  were  recovered  from  the  beds  of  the  Rowsley 
Formation  that  conformably  overlie  the  Werribee 
Formation,  which  contains  the  Maddingley  Seam  brown  coals 
of  early  Miocene  age.   A  note  found  with  the  Boxlea 
material  curated  in  the  Museum  of  Victoria  describes  it's 
location  as  "Sandy  clay  10-14  feet  above  coal".   In 
describing  the  locality  Woodburne  et  al.  (1985) 
summarized  it  as  occurring  in  overburden  sediments  above 
the  coal  seam  and  below  a  weathered  basalt  which,  near 
Parwan,  is  separated  by  interseam  sediments  from  the 
Bullengarook  flow.   The  weathered  basalts  and  part  of  the 
overburden  are  still  visible  in  the  southern  wall  of  the 
cut  but  since  no  description  of  the  fossil  site  (relative 
to  these  strata)  exists,  the  exact  location  of  the  bone 
bearing  horizon  is  indeterminate. 
Parwan 

The  Parwan  Local  Fauna  was  recovered  in  1882,  during 
the  excavation  of  a  northwest-southeast  trending  railway 
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cutting.   The  northwestern  half  of  the  cutting  reveals 
two  basalt  flows  which  are  separated  by  sediments 
consisting  of  a  graded  sequence  of  coarse  quartz  gravels 
overlain  by  yellow-brown  silty  clays  (Fig.  3.2).   The 
older  flow  outcrops  on  the  northeast  side  of  the  track  8  0 
in  northwest  of  a  bridge  over  the  cutting.   On  the  basis 
of  the  site  description  included  with  the  fossils,  it  is 
probable  that  they  were  collected  from  the  gravel  unit  on 
the  opposite  side  of  the  track  to  the  older  flow.   Except 
for  1.2  m  of  inter-basalt  sediments  located  around  the 
bridge  foundations,  the  younger  flow  occupies  the  entire 
southeastern  half  of  the  cutting. 
Coimadai 

The  geology  of  Alkemade's  Quarry  from  which  the 
Coimadai  Local  Fauna  was  recovered  has  been  well 
documented  (Officer  and  Hogg,  1897-8;  Fenner,  1918; 
Coulson,  1924;  Keble,  1925;  Gill,  1964;  Roberts,  1984; 
Woodburne  et  al.,  1985;  Abele  et  al.,  1988).   The  fauna 
came  from  the  lacustrine  Coimadai  Dolomite,  one  of  the 
upper  members  of  the  Werribee  Formation.   In  1985  the 
quarry  was  partially  submerged,  but  an  original  section 
illustrated  by  Officer  and  Hogg  (1897-8,  Plate  IX,  Fig. 
I)  was  located.   It  consists  of  an  exposure  of  the  upper 
part  of  the  Coimadai  Dolomite  which  is  conformably 
overlain  by  a  15  cm  layer  of  white  ash  followed  by  a 
series  of  sands  and  gravels.   The  dolomite  exhibits  a 
variety  of  textures  including  both  laminated  units  and 
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Figure    3.2 


Stratigraphic   Column    and   Magnetic    Polarity 
Results    for   the    (A)     Bullengarook,     (B) 
Coimadai    and    (C)     Parwan    Sections. 
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nodule  beds,  and  is  interspersed  with  lenses  of  quartz 
gravels  and  sands.   The  section  is  slumped  to  form  a 
small  monocline,  probably  as  a  result  of  karstif ication 
that  led  to  localized  collapse  and  sagging  of  the 
overlying  sediments  (Coulson,  1924) •   Identical  sequences 
of  horizontally  lying  strata  were  found  in  other  parts  of 
the  quarry.   These  have  been  correlated  to  small  outcrops 
of  the  Coimadai  Dolomite  to  the  south  and  southwest, 
which  are  conformably  overlain  by  a  thin  layer  of  ash  and 
the  basalts  of  the  Bullengarook  flow  (Coulson,  1924) . 

Field  sampling  for  this  study  was  conducted  in  1989, 
at  which  time  the  expansion  work  on  the  Merrimu  Reservoir 
was  complete  and  the  fossil  site  totally  flooded. 
Therefore  a  section  of  the  Coimadai  Dolomite  with  a 
lithology  identical  to  that  observed  at  Alkemade's  Quarry 
was  chosen  as  a  representative  magnetostratigraphic 
substitute  for  the  fossil  site.   Located  above  a  clay 
quarry  on  the  east  side  of  the  Bacchus  Marsh-Gisborne 
Road  and  4  km  southwest  of  Alkemade's  Quarry  (Fig.  3.1), 
this  section  is  characterized  by  a  basal  unit  of  white 
clays,  sands  and  gravels  which  is  overlain  by  2  m  of  the 
Coimadai  Dolomite  (Fig.  3.2).   The  dolomite  has  a 
massive,  silty  texture  at  its  base  which  grades  upwards 
into  a  thick  nodule  bed.   It  is  conformably  overlain  by  a 
thin  layer  of  white  ash  which  appears  to  be  identical  to 
the  ash  observed  at  Alkemade's  Quarry,  and  is  capped  by 
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basalt  of  the  Bullengarook  flow  that  exceeds  a  thickness 
of  3  m  at  this  locality. 
Bullengarook  Flow 

As  the  interpretation  of  the  age  of  the  three  fossil 
localities  has  been  stratigraphically  linked  to  the 
Bullengarook  flow,  either  in  this  or  previous  studies,  it 
was  considered  necessary  to  examine  its  magnetic 
polarity.  Consequently,  a  third  section  located  50  m 
upstream  from  the  waterfall  where  the  '*°K-'*°Ar  dates  of 
3.31  +  0.01  and  3.64  +  0.01  Ma  (McKenzie  et  al.,  1983) 
had  been  obtained,  was  selected  for  study  (Fig.  3.2).   At 
this  site  the  Bullengarook  flow  occupies  the  paleovalley 
of  the  Bullengarook  River  (Keble,  1945)  and  is 
undoubtedly  a  single  flow.   The  basalt  section  exposed  at 
the  falls  is  in  excess  of  150  m  thick  and  is 
characterized  by  a  thick  basal  layer  of  columnar  basalt 
which  changes  upwards  to  massive  and  then  blocky  units. 

Paleomaqnetic  Procedures  and  Results 

Field  and  Laboratory  Procedures 

In  the  field,  three  separately  oriented  hand  samples 
(A,  B  and  C)  were  collected  from  every  site  at  the  three 
sections  studied.   These  were  prepared  and  analyzed  in 
the  Paleomagnetics  Laboratory  at  the  University  of 
Florida.   This  facility  contains  a  Superconducting 
Technology  cryogenic  magnetometer  (Goree  and  Fuller, 
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1976) ,  a  Schonstedt  spinner  magnetometer  and  Schonstedt 
AF  and  thermal  demagnetizers.   The  samples  were  analyzed 
in  the  shielded  room  laboratory  which  attenuates  the 
ambient  field  to  ca.  200  nT  (Scott  and  Frohlich,  1985, 
provide  similar  design  details) . 

All  basalt  samples  were  subjected  to  stepwise  AF 
demagnetization  over  a  range  of  0-100  mT  (at  10  mT 
intervals)  (Fig.  3.3a,c,d).   For  each  site  collected  from 
sedimentary  rock  units,  one  sample  was  subjected  to 
stepwise  thermal  demagnetization  over  a  range  of  0-63  0°  C 
(13  steps) ,  and  one  was  subjected  to  stepwise  AF 
demagnetization  over  a  range  of  0-50  mT  (at  5  mT 
intervals)  and  60-100  mT  (at  10  mT  intervals)  (Fig. 
3.3b,e).   Some  of  the  samples  from  both  Parwan  and 
Coimadai  were  not  completely  demagnetized  by  the  AF 
treatment.   These  were  further  treated  by  a  thermal 
demagnetization  regime  which  successfully  demagnetized 
the  samples.   Based  on  the  demagnetization  results  on  the 
first  two  samples  a  thermal  demagnetization  regime  was 
used  on  the  third  sample. 
Results 
Parwan  Section 

Twelve  sites  were  examined  from  the  Parwan  section, 
with  three  sites  from  the  lower  basalt,  six  from  the 
interbasalt  sediments  and  three  from  the  upper  basalt 
(Fig.  3.2).   For  the  basalt  of  the  lower  flow,  a  well 


37 


B 


NRM„  loO'C '''"'*' 


N(UP 


S(OOWN) 


S(DOWN) 


N(UP) 


N(UP) 


S(OOWN) 


8(00  WN) 


H 


0  1.0  2.0  3.0 

TREATMENT    A/m 


INTENSITY 
Jr/Jo 


1200- 


80O- 


0  1.0  2.0  3.0 

TREATMENT    A/m 


INTENSITY 

Jr/Jq,^_, «      > 


500 


0  1.0         2.0         3.0 

TREATMENT    A/n 


Figure  3 . 3 


Paleomagnetic  data  plots, 
demagnetization  Zijderfeld 
basalt  (Site  102) ;  (B)  The 
demagnetization  Zijderfeld 
Site  106;  (C)  AF  demagneti 
plot  of  Bullengarook  flow 
Coimadai  Section  (Site  205 
demagnetization  Zijderfeld 
Bullengarook  flow  basalt  S 
Thermal  demagnetization  Zi 
Coimadai  (Site  201) ;  (F)  I 
Saturation  plot  of  Parwan 
(G)  Isothermal  Reraanence  S 
of  Coimadai  Site  200;  (H) 
Remanence  Saturation  plot 
flow  Site  301. 


(A)  AF 

plot  of  Parwan 
rmal 

plot  of  Parwan 
zation  Zijderfeld 
(?)  basalt  at 
) ;  (D)  AF 

plot  of 
ite  300) ;  (E) 
jderfeld  plot  of 
sothermal  Remanence 
Site  105; 
aturation  plot 
Isothermal 
of  Bullengarook 


38 


defined,  stable  component  was  isolated  over  a  range  of 
50-90  itiT.   Two  of  the  three  sites  from  the  lower  basalt 
produced  three  samples  with  statistically  significant 
demagnetization  characteristics  (R  >2.62,  after  Fisher, 
1953) .   These  are  classified  as  Class  I  sites  after 
Opdyke  et  al.  (1977)  (Fig.  3.2).   The  third  site  produced 
two  samples  with  concordant  directions  and  is  categorized 
as  a  Class  III  site. 

The  interbasalt  sediments  were  not  fully 
demagnetized  by  AF  demagnetization,  suggesting  that  a 
high  coercivity  component  is  present  as  part  of  the 
natural  remanent  magnetism  (NRM) .   However,  thermal 
demagnetization  treatments  were  highly  successful  and 
produced  stable  characteristic  components  over  a  range  of 
150-660°  C  (Fig.  3.3b).   Three  sites  produced  three 
samples  each  with  statistically  significant  concordant 
directions  and  are  classified  as  Class  I  sites  (Fig. 
3.2).   One  site  produced  an  R  value  >2.62,  but  only  two 
samples  with  concordant  directions,  and  is  therefore 
classified  as  a  Class  III  site.   Two  sites  produced  two 
samples  each  with  concordant  directions  but  R  values 
<2.62  and  were  rejected. 

A  stable  component  was  isolated  over  a  range  of  10- 
80  mT  for  the  upper  basalt.   Two  sites  produced  three 
samples  each  with  statistically  significant 
demagnetization  characteristics  and  are  categorized  as 
Class  I  sites  (Fig.  3.2).   Statistically  significant  and 
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concordant  directions  could  not  be  isolated  from  the 
third  site  and  it  was  rejected  from  this  analysis. 

One  basalt  and  three  sediment  samples  were  chosen 
for  isothermal  remanent  magnetization  (IRM)  studies.   The 
basalt  sample  reached  80%  saturation  by  120  mT  indicating 
that  a  low  coercivity  mineral,  probably  magnetite,  is  the 
carrier  of  the  natural  remanent  magnetism  (NRM) .   The 
sediment  samples  failed  to  saturate  by  350  mT  or  produced 
erratic  saturation  curves  (Fig.  3.3f).   These  results 
suggest  that  the  NRM  is  being  carried  by  minerals  of  both 
high  and  low  coercivity  in  different  parts  of  the 
section.   This  conclusion  is  further  supported  by  the 
failure  of  the  AF  demagnetization  technique  to  completely 
demagnetize  some  sediment  samples,  presumably  because 
they  contained  a  mineral  with  a  high  magnetic  coercivity. 
The  spectrum  of  unblocking  temperatures,  AF 
demagnetization  behaviour,  and  IRM  acquisition  curves 
suggest  that  hematite  and  magnetite  are  the  high  and  low 
coercivity  minerals,  respectively,  that  carry  the  NRM  in 
these  sediment  samples. 
Coimadai  Section 

Seven  sites  were  studied  from  the  Coimadai  section, 
four  from  the  Coimadai  Dolomite  and  three  from  the 
overlying  Bullengarook  flow  (Fig.  3.2).    The  Coimadai 
Dolomite  was  successfully  treated  with  a  thermal 
demagnetization  regime  (Fig.  3.3e).   One  site  produced 
three  samples  each  with  statistically  significant 
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directions  and  is  categorized  as  a  Class  I  site  (Fig. 
3.2).   Two  other  sites  produced  two  samples  each  with 
concordant  directions  and  are  classified  as  Class  III 
sites.   One  site  failed  to  produce  a  statistically 
significant  mean  direction  and  was  rejected  from  the 
study . 

A  stable  characteristic  component  was  isolated  from 
the  basalts  over  a  range  of  20-90  mT  (Fig.  3.3c).   One 
site  from  the  Bullengarook  flow  produced  three  samples 
each  with  concordant  directions  and  is  classified  as  a 
Class  I  site  (Fig.  3.2).   The  other  two  sites  produced 
two  samples  each  with  concordant  directions  which  were  in 
agreement  with  those  of  the  Class  I  site.   However,  they 
both  produced  R  values  <2.62  and  have  been  rejected  from 
this  study. 

Sediment  samples  from  two  sites  were  selected  for 
IRM  studies.   Greater  than  80%  saturation  was  achieved  by 
80  mT  in  both  samples  indicating  the  presence  of  a  low 
coercivity  carrier  of  the  NRM  (Fig.  3.3g).   This, 
together  with  the  unblocking  spectra  of  the  AF  and 
thermal  demagnetizations  suggest  that  magnetite  is 
probably  the  dominant  carrier  of  the  NRM  in  samples  from 
this  locality. 

Bullengarook  Flow 

Four  sites  were  collected  from  the  Bullengarook 
(waterfall)  section.   Samples  from  these  sites  were 
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successfully  treated  with  an  AF  demagnetization  regime 

over  a  range  of  10-80  mT  (Fig.  3.3d).   All  four  sites 

produced  three  samples  each  with  a  statistically 

significant  mean  directions  and  are  categorized  as  Class 

I  sites  (Fig.  3.2) . 

Samples  from  two  sites  were  selected  for  IRM  studies 

and  both  reached  greater  than  80%  saturation  by  4  0  mT, 

thereby  indicating  the  presence  of  a  low  coercivity 

mineral  (Fig.  3.3h).   This,  together  with  AF 

demagnetization  results  suggests  that  magnetite  is  the 

dominant  carrier  of  the  NRM  in  the  Bullengarook  flow 

basalts. 

Magnetic  Polarity  Stratigraphy  and  Correlation  to  the 

Timescale 

The  magnetic  polarity  stratigraphy  of  the  entire 
Parwan  section  is  characterized  by  a  single  zone  of 
normal  polarity  (Fig.  3.4).   As  the  contact  between  the 
overlying  flow  and  the  interbasaltic  sediments  is 
paraconformable,  it  is  likely  that  both  units  were  formed 
during  the  same  polarity  interval.   The  lower  basalt, 
having  the  same  polarity,  was  either  formed  during  the 
same  normal  polarity  event  or  during  an  earlier  one. 

The  Coimadai  section  is  characterized  by  a  single 
zone  of  reversed  magnetic  polarity  (Fig.  3.4).   This 
suggests  that  the  Coimadai  Dolomite  and  the  overlying 
Bullengarook  flow  were  formed  during  the  same  interval  of 
reversed  polarity.   Therefore,  the  interpretation  of  a 
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Figure    3.4. 


Correlation  of  magnetostratigraphy  to  the 
Geomagnetic  Polarity  Timescale. 
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reversed  magnetic  polarity  for  the  Bullengarook  flow,  at 
the  Coimadai  section,  is  in  agreement  with  the  reversed 
polarity  established  for  the  basalt  from  the  Bullengarook 
waterfall  section.   With  this  constraint  the  date  of  3.31 
±  0.01  Ma  (McKenzie  et  al . ,  1983)  that  was  obtained  for 
the  Bullengarook  flow  should  be  rejected  as  it  would 
indicate  that  the  Bullengarook  flow  should  carry  a  normal 
polarity.   The  second  McKenzie  et  al.  (1983)  '^°K-'*°Ar 
date  of  3.64  +  0.01  Ma  falls  within  a  zone  of  reversed 
polarity  and  is  here  accepted  as  approximating  the  age  of 
the  Bullengarook  flow.   Using  the  magnetic  polarity 
timescale  of  Berggren  et  al.  (1985)  and  an  age  of  3.64  + 
0.01  Ma  for  the  basalt,  the  Bullengarook  flow  must  have 
occurred  within  the  3.40-3.88  Ma  reversed  polarity  zone 
of  the  Gilbert  Chron.   As  the  Coimadai  Dolomite  occurs 
within  the  same  reversed  polarity  zone,  and  is  overlain 
by  the  3.64  ±  0.01  Ma  old  Bullengarook  flow,  a  probable 
age  of  between  3.64  ±  0.01  and  3.88  Ma  is  indicated  for 
the  Coimadai  Dolomite  and  the  Coimadai  Local  Fauna  (Fig. 
3.4)  . 

The  presence  of  a  normal  polarity  for  both  of  the 
basalts  at  the  Parwan  section  indicates  that  a 
correlation  of  these  flows  across  the 
Lerderderg/Werribee/Parwan  Valley  to  the  reversed 
polarity  Bullengarook  flow  is  untenable.   However,  the 
presence  of  two  eruption  centers,  one  5.1  km  to  the 
southeast  and  one  6.6  km  to  the  southwest,  suggest 
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another  possible  source  for  the  Parwan  section  basalts. 
Basalts  from  these  eruption  centers  appear  to  have  flowed 
north  towards,  and  probably  over,  the  Parwan  locality  as 
part  of  a  complex  series  of  flows.   A  '^°K-'^°Ar  date  of 
4.12  ±  0.04  Ma  (corrected  from  4.03  +  0.04  (Aziz-ur- 
Rahman  and  McDougall,  1972)  using  the  decay  constants  of 
Steiger  and  Jager,  1977;  Dalrymple,  1979)  has  been 
produced  for  a  basalt  belonging  to  one  of  these  flows,  at 
a  locality  3.25  km  northwest  of  the  Parwan  section  (Fig. 
3.1).   The  flow  sampled  at  this  locality  was  also  found 
to  be  of  normal  magnetic  polarity  (Aziz-ur-Rahman,  1971) 
indicating  that  it  probably  falls  within  the  4.10-4.24 
normal  polarity  Cochiti  Subchron.   This  polarity  matches 
that  found  at  both  of  the  Parwan  locality  basalts. 
Therefore,  an  age  of  4.10-4.24  Ma  is  proposed  for  the 
Parwan  section  and  the  Parwan  Local  Fauna  (Fig.  3.4). 

Conclusion 

The  magnetic  polarity  stratigraphies  derived  for  the 
Parwan,  Coimadai  and  Bullengarook  sections  indicate  that 
the  Bullengarook  flow  does  indeed  overlie  the  Coimadai 
Dolomite  but  that  there  is  no  correlative  of  the  same 
flow  at  Parwan.   The  Coimadai  Dolomite,  being  conformably 
overlain  and  having  the  same  reversed  polarity  as  the 
Bullengarook  flow,  is  interpreted  as  having  been  formed 
during  the  same  magnetic  polarity  interval.   On  this 
basis,  the  age  of  the  Coimadai  Dolomite  and  the  Coimadai 
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Local  Fauna  is  constrained  to  an  age  of  3.64-3.88  Ma 
(Fig.  3.4). 

The  difference  in  magnetic  polarities  between  the 
Bullengarook  flow  and  the  Parwan  section  basalts  suggests 
that  the  Woodburne  et  al.  (1985)  date  for  the  Parwan  and 
Boxlea  local  faunas  should  be  re-evaluated.   The 
Bullengarook  flow,  and  its  associated  ^^K-  Ar  dates, 
must  be  rejected  as  a  possible  correlative  for  the  Parwan 
section  basalts.   Eruption  centers  to  the  south  have 
produced  flows  which  are  more  likely  candidates  for 
correlation  to  the  Parwan  section  basalts.   A    K-   Ar 
date  of  4.12  +  0.04  Ma  has  been  produced  for  a  basalt 
from  one  of  these  flows  and  it  falls  within  a  normal 
polarity  zone  of  4.10-4.24  Ma.   This  date,  and  the 
polarity  it  implies,  would  correlate  well  to  the  magnetic 
polarity  of  either  basalt  at  Parwan.   Therefore,  an  age 
of  4.10-4.24  Ma  is  suggested  for  the  entire  Parwan 
section  and  the  enclosed  Parwan  Local  Fauna  (Fig.  3.4). 

Although  it  was  not  possible  to  sample  a  section  at 
the  Boxlea  Coal  Mine,  it  is  possible  to  make  some  new 
inferences  regarding  the  age  of  the  Boxlea  Local  Fauna. 
The  Boxlea  Local  Fauna  occurs  in  beds  of  the  Rowsley 
Formation  that  conformably  overlie  brown  coals  of  the 
Werribee  Formation  of  early  Miocene  age  and  underlies  a 
basalt  flow  that  is  correlated  to  the  lower  flow  at  the 
Parwan  section  which  was  assigned  an  age  of  older  than 
3.64  Ma  (Woodburne  et  al . ,  1985).   This  age  was  based  on 
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an  incorrect  correlation  to  the  Bullengarook  flow  and  is 
therefore  invalid.   Based  on  the  magnetic  polarity  age 
suggested  for  the  Parwan  section,  in  this  paper,  the  age 
of  the  Boxlea  Local  Fauna  must  be  revised  downwards  to  an 
age  of  older  than  4.10  Ma. 


CHAPTER  4 
MAGNETIC  POLARITY  STRATIGRAPHY  AND  MAMMALIAN  FAUNA  OF  THE 

DOG  ROCKS  LOCAL  FAUNA 


Introduction 

The  lack  of  well  dated  faunal  assemblages  in 
Australia  has  been  a  major  obstacle  to  paleontological 
attempts  at  interpreting  the  unique  fossil  record  of  this 
continent.   Along  with  the  Nelson  Bay  Local  Fauna  (MacFadden 
et  al.,  1987),  the  Dog  Rocks  Local  Fauna  is  one  of  only  a 
few  late  Pliocene  to  early  Pleistocene  vertebrate 
assemblages  known  in  Australia  with  absolute 
geochronological  control  currently  available  (Rich  et  al., 
1982;  Woodburne  et  al.,  1985).   Located  7.0  km  NW  of 
Geelong,  Victoria  at  38°  6.5'  S,  144°  17'  E  (Fig.  4.1),  it 
consists  of  a  suite  of  bone  fragments  and  isolated  teeth 
collected  by  field  crews  from  the  National  Museum  of 
Victoria  from  1975  to  1986.   The  assemblage  is  loosely 
disseminated  through  a  sedimentary  fissure  fill  unit  within 
the  Moorabool  Viaduct  Sand.   At  present,  it  is  only  found 
within  units  exposed  in  the  southeast  wall  of  the  Australian 
Portland  Cement  Limited  (A.P.C.L.)  quarry  at  Batesford, 
Geelong  (Fig.  4.1). 
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Figure  4.1.  Locality  of  the  Dog  Rocks  Local  Fauna  Section 
and  Geology  of  the  Geelong  Area. 
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This  local  fauna  consists  of  some  29  identifiable 
vertebrate  taxa  (Table  4.1).   The  Macropodidae  dominate  the 
assemblage  but  other  groups  include  Diprotodontidae, 
Vombatidae,  Dasyuridae  and  the  Muridae.   Although  this  local 
fauna  is  poorly  preserved,  the  combination  of  its  taxonomic 
diversity  and  the  possibility  of  a  well  constrained  late 
Pliocene  date  makes  it  an  important  biostratigraphic 
reference  assemblage  for  the  Australian  Neogene.    Based  on 
stratigraphic  relationships  and  an  overlying  basalt,  the  age 
of  the  site  has  been  stated  to  be  in  the  range  of  2.0-4.0  Ma 
(Woodburne  et  al.,  1985).   In  an  effort  to  narrow  this 
range,  sediment  and  basalt  samples  suitable  for 
paleomagnetic  analysis  were  collected  and  treated  at  the 
University  of  Florida  Paleomagnetics  Laboratory.   The 
results  of  this  work,  together  with  an  assessment  of  the 
chronological  control  on  this  site,  are  the  purpose  of  this 
paper. 

Previous  Work 

The  present  interpretation  of  the  geology  of  the 
Geelong  area  was  established  by  Bowler  (1963)  and  is 
summarized,  with  minor  modifications,  by  Abele  et  al. 
(1988) .   Bowler  identified  and  described  the  units  of 
interest  in  this  report;  namely  1)  the  middle  Miocene 
Batesford  Limestone,  the  target  of  the  A.P.C.L.  quarrying 
operations,  2)  the  late  Miocene-Pliocene  Fyansford  Formation 
and  3)  the  Pliocene  Moorabool  Viaduct  Sand  (MVS) ,  the  latter 
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two  being  the  main  overburden  units  in  the  quarry.   He 
considered  these  units  to  be  of  shallow  to  marginal  marine 
origin;  however,  he  also  noted  the  presence  of  leaves  and 
other  organic  material  towards  the  top  of  the  MVS , 
indicating  at  least  the  possibility  of  local  sub-areal 
deposition.   These  are  overlain  by  late  Pliocene  flood 
basalts  which  were  examined  at  sites  elsewhere  in  the 
Geelong  area.   These  sites  produced  an  average  date  of  2.01 
+  0.13  Ma  and  were  found  to  carry  a  reversed  magnetic 
polarity  (Aziz-ur-Rahman  and  McDougall,  1972) . 

The  Batesford  Quarry  is  well  known  (Singleton,  1941; 
Bowler,  1963;  Rich,  1976)  for  its  rich  middle  Miocene 
invertebrate  and  vertebrate  marine  faunas.   It  is  the  type 
section  for  the  Batesford  Limestone  and  the  type  locality 
for  the  Batesfordian  stage  (Bowler,  1963) .   However,  the 
terrestrial  vertebrate  fauna  was  unknown  before  1975  when  a 
pair  of  diprotodontid  mandibles  of  Zygomaturus  sp.  were 
discovered  in  an  overburden  dump  (Rich,  1976) .   The  origin 
of  these  mandibles  was  traced  back  to  a  series  of 
sedimentary  fissure  fills  occuring  within  the  MVS  and 
periodic  prospecting  of  this  site  has  continued  to  produce 
additional  important  material.   Mining  activities  along  this 
face  led  to  the  destruction  of  the  unit  but  the  A.P.C.L. 
management  kindly  saved  approximately  80  metric  tons  of  the 
fissure  fill  sediments.   This  material  was  seived  and  picked 
by  the  author  during  1985-86  for  a  total  yield  of  3.5  kg  of 
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bone  fragments  and  approximately  250  recognizable  teeth. 
The  vertebrate  taxa  recognized  are  listed  in  Table  4.1. 

Geologic  Setting 

The  geology  of  this  site  is  well  exposed  in  the 
southeast  wall  of  the  quarry.   It  is  characterized  by  the 
presence  of  four  units,  each  separated  by  a  distinct 
depositional  hiatus  (Fig.  4.2).   The  basal  unit  is  the 
middle  Miocene  (Batesfordian  Stage)  Batesford  Limestone  and 
is  characterized  by  a  white  to  cream  colored  soft  carbonate 
matrix  consisting  of  fragmented  reef  corals  and  bryozoans 
together  with  a  rich  invertebrate  shell  fauna,  shark  teeth, 
and  rare  cetaceans.   A  change  from  oxidizing  to  reducing 
environments  in  the  shallow  Balcombian  seas  of  the  area 
(Bowler,  1963;  Abele  et  al . ,  1988)  led  to  the  deposition  of 
the  dark  and  often  pyritic  Fyansford  Formation.   It  consists 
of  clays  which  contain  fragments  of  the  Batesford  Limestone, 
an  indication  of  active  marine  erosion  and  reworking  within 
the  depositional  basin,  and  are  represented  by  up  to  25  m  of 
vertical  exposure  within  the  Batesford  Quarry. 

Continued  shallowing  of  the  seas  led  to  diachronous 
north  to  south  erosion  and  a  facies  change  characterized  by 
the  deposition  of  the  argillaceous  Moorabool  Viaduct  Sand 
during  Cheltenhaminan  to  Kalimnan  times  (Fig.  4.2).   Most  of 
the  MVS  facies  appear  to  be  of  marine  origin  but  some  of  the 
upper  units  contain  leaf  material  and  organic  debris  and  are 
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Figure  4.2.  Stratigraphic  column  of  the  Dog  Rocks  Local 
Fauna  Section  (Batesford  Quarry) , 
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probably  sub-areal  (Bowler,  1963)  .   Vertical  exposure  of 
this  unit  in  the  quarry  wall  is  variable  but  averages 
approximately  15  m. 

Occasional  sedimentary  fissure  fill  units,  which  yield 
the  Dog  Rocks  Local  Fauna,  cut  through  the  Moorabool  Viaduct 
Sand.   They  are  characterized  by  grey,  sulphurous  clays 
which  contain  large  amounts  of  reworked  material  from  all  of 
the  underlying  units  as  well  as  carbonaceous  organic 
material  and  occasional  bone  fragments.   As  they  were 
apparently  formed  under  sub-areal  conditions,  they  are 
thought  to  be  of  Werrikooian  age  or  younger  (Woodburne  et 
al.,  1985). 

Two  thin  tongues  of  basalt,  representing  a  flow  of  the 
late  Pliocene  Newer  Volcanics,  overlie  the  sedimentary 
units.   The  Newer  Volcanics  are  dated  from  several  locations 
around  the  Geelong  area  (Aziz-ur-Rahman  and  McDougall, 
1972) .   The  average  age  of  three  of  these  sites,  taken  from 
a  group  of  quarries  approximately  3.0  km  south  of  Batesford 
Quarry,  is  used  to  infer  a  date  of  2.03  +  0.13  Ma 
(corrected,  using  the  decay  constants  of  Faure  (1986))  for 
the  age  of  the  flow  at  the  Batesford  Quarry. 

Micro-invertebrate  Analysis 

Micro-invertebrate  faunas  were  recovered  from  samples 
collected  during  the  paleomagnetic  work.   The  highest 
productive  sample  in  the  sequence,  site  3  09,  yielded  a 
microfauna  consisting  of  abundant  benthonic  and  rare 
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planktonic  foraminifera.   Forms  ranging  from  middle  Miocene 
to  middle  Pliocene  in  age  were  recognized,  indicating 
considerable  reworking  within  the  sequence.   However,  the 
planktonic  species  Globorotalia  crassaf ormis .  which  has  a 
first  appearance  datum  of  4.0  Ma,  (Kennett  and  Srinivasan, 
1984)  is  present  (Dr.  David  Hodell,  pers.  comm.)  which 
constrains  the  maximum  age  of  the  bone  unit  to  less  than  4.0 
Ma. 

Paleomaqnetic  Procedures  and  Results 

Paleomagnetic  samples  were  taken  from  17  sites  on  the 
southeast  wall  of  Batesford  Quarry  during  September  and 
November  1986.   These  include  one  site  in  the  overlying 
basalt,  11  sites  in  the  MVS  and  five  from  the  Fyansford 
Formation,  all  of  which  are  in  close  proximity  to  the  fossil 
unit.   An  attempt  was  made  to  take  samples  on  both  sides  of 
unit  contacts  and  at  mid  points  within  units  with  three  to 
four  separately  oriented  hand  samples  taken  at  each  site. 
As  this  was  the  working  face,  access  was  limited  by  the 
condition  and  stability  of  the  quarry  wall  which 
necessitated  collection  along  two  roughly  vertical  sections 
instead  of  a  single  continuous  section  (Fig.  4.2). 

Individual  samples  from  each  site  were  subjected  to 
alternating  field  (AF)  and  thermal  demagnetization  in  the 
Paleomagnetics  Laboratory  at  the  University  of  Florida. 
This  facility  is  housed  in  a  shielded  room  (see  Scott  and 
Frohlich,  1985,  for  similar  design  details)  which  attenuates 
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the  ambient  field  to  ca.  200  gammas.   Stepwise  AF  and 
thermal  demagnetization  was  carried  out  over  a  range  of  0-50 
mT  (at  5  mT  intervals)  and  a  range  of  0-625°  C  (with  13 
steps)  respectively,  using  Schonstedt  AF  and  thermal 
demagnetizers.   In  some  cases  an  AF  demagnetization  series 
was  followed  by  selected  thermal  demagnetization  steps  in  an 
attempt  to  remove  high  coercivity  remanent  overprints. 
Remanent  magnetism  of  each  sample  was  measured  with  a 
Superconducting  Technology  cryogenic  magnetometer  (Goree  and 
Fuller,  1976)  or,  if  magnetizations  were  too  strong,  e.g. 
the  basalts,  a  Schonstedt  spinner  magnetometer. 

The  demagnetization  characteristics  of  these  samples 
was  often  unpredictable.   However,  a  trend  towards  a  stable 
characteristic  component  in  the  range  of  440-500°  C  emerged 
from  the  successfully  treated  samples  (Fig.  4.3a,b).   Many 
samples  did  not  react  well  to  these  techniques  and  seven 
sites  were  rejected  for  this  analysis.   Six  sites  produced 
two  samples  each  of  concordant  directions  and  are 
categorized  as  Class  III  sites  after  Opdyke  et  al.  (1977). 
Four  sites  produced  three  samples  each  of  statistically 
significant  demagnetization  characteristics  and  produced  R 
values  of  >2.62.   They  are  categorised  as  Class  I  sites 
(Fig.  4.4).   Isothermal  remanent  magnetization  saturation 
experiments  were  carried  out  on  11  samples  from  different 
sites.   Greater  than  80%  saturation  was  reached  in  all 
samples  by  14  0  mT  but  no  samples  saturated  completely  (Fig. 
4.3c).   This  is  interpreted  to  indicate  the  presence  of  at 
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Figure  4.3 


Paleomagnetic  data  plots;  (A)  Thermal 
demagnetization  Zijderfeld  plot  (Site  309);  (B) 
AF  demagnetization  Zijderfeld  plot  (Site  309) ; 
(C)  Isothermal  remanence  saturation  plot  (Site 
305)  . 
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least  two  carrriers  of  the  NRM.   The  IRM  results,  together 
with  thermal  demagnetization  trends,  indicate  the  presence 
of  both  low  and  high  coercivity  magnetic  minerals  which  are 
here  interpreted  as  magnetite  and  goethite,  respectively. 

Magnetic  Polarity  Stratigraphy 

The  magnetic  polarity  stratigraphy  of  this  section  is 
characterized  by  a  single  zone  of  reversed  polarity  which 
extends  from  the  base  of  the  Fyansford  Formation,  through 
the  Moorabool  Viaduct  Sand,  and  the  overlying  flow  of  the 
Newer  Volcanics.   As  each  of  these  sedimentary  units  are 
separated  by  erosional  unconformities,  it  is  possible  that 
this  reversed  signature  may  not  represent  a  single  polarity 
zone  from  the  time  scale.   The  reversed  polarity  of  the 
basalt  agrees  with  the  extrapolation  to  this  site  by  Rich 
(1976)  and  Woodburne  et  al.  (1985)  from  previous  work  in  the 
Moorabool  and  Barwon  River  valleys  (Aziz-ur-Rahman  and 
McDougall,  1972).   The  magnetostratigraphic  data  tends  to 
confirm  the  K-Ar  date  of  2.03  +  0.13  Ma  for  the  basalt  at 
Batesford  Quarry  and  suggests  that  it  occurs  within  the 
early  Matuyama  (2r)  Chron  (2.04-2.12  Ma)  of  Harland  et  al., 
(1982) .   Given  these  data,  and  the  lower  age  constraint  of 
the  G.  crassaformis  FAD  of  4.0  Ma,  the  magnetic  signature 
may  be  correlated  with  the  standard  time  scale  in  either  of 
two  ways.   It  may  occur  within  the  early  Matuyama  (2r) 
Chron,  giving  the  fossil  unit  an  age  of  2.04-2.48  Ma  or  it 
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may  occur  in  the  late  Gilbert  (2Ar)  Chron,  giving  the 
assemblage  a  possible  age  of  3.40-3.88  Ma.   In  either  case, 
the  date  of  the  fissure  fill  unit  is  constrained  by  the 
magnetostratigraphy  to  a  lower  maximum  age  of  3.88  Ma. 

Correlation  to  the  Timescale 

Prior  to  this  report  the  age  constraints  on  the  Dog 
Rocks  Local  Fauna  were  based  on  the  dissection  of  the  marine 
MVS,  of  Cheltenhamian  to  Kalimnan  age,  by  the  apparently 
sub-areal  fissure  fill  sediments  in  which  it  occurs,  and  by 
the  interpolated  K-Ar  date  on  the  Newer  Volcanics  which 
overly  it.   This  would  appear  to  place  the  age  of  the  site 
and  its  local  fauna  in  a  range  of  2.0-4.0  Ma  (Woodburne  et 
al.,  1985). 

The  lower  age  constraint  is  based  on  the  presence  of 
the  Cheltenhamian-Kalimnan  macro-invertebrate  fauna  (Abele 
et  al.,  1988)  and  the  marine/ sub-areal  facies  change  that 
occurs  within  the  MVS  (Bowler,  1963) .   In  some  sections  of 
the  Geelong  area  the  change  is  characterized  by  a 
discontinuity  of  unknown  duration  and  in  other  areas  it  is 
diachronous.   Undoubted  sub-areal  MVS,  apart  from  the 
fissure  fill  sediments,  are  not  recognized  at  the  Batesford 
Quarry  site.   However,  based  on  Bowler  (1963),  the  basal  age 
could  conceivably  range  from  the  early  Kalimnan,  when  sub- 
areal  deposits  were  first  known  in  the  area.   The  micro- 
invertebrate  data  confirm  this  evaluation  and  place  an 
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approximate  date  of  4.0  Ma  on  the  marine  sediments 
underlying  the  Dog  Rocks  Local  Fauna. 

A  further  constraint  on  the  lower  age  limit  of  this 
fauna  is  represented  by  the  general  characteristics  of  the 
vertebrate  fossil  assemblage.   The  stage  of  evolution  of  the 
macropodidines  and  the  presence  of  rodents  suggest  a  late 
Pliocene  to  early  Pleistocene  date  (Woodburne  et  al.,  1985). 
The  rodents  are  particularly  important  in  this  sequence. 
The  oldest  murids  in  Australia  are  known  from  the  Chinchilla 
and  Bluff  Down  localities  (Woodburne  et  al.,  1985)  and 
appear  to  place  the  entry  of  this  group  into  the  continent 
at  about  4.5  Ma.   However,  the  presence  and  relative 
diversity  of  the  Dog  Rocks  murids  suggest  that  this  site 
must  significantly  postdate  the  first  appearance  of  the 
group  on  the  Australian  mainland.   Similarly,  the  presence 
of  the  Hamilton  fauna  (Turnbull  and  Lundelius,  1970)  some 
200  km  to  the  west,  an  assemblage  directly  overlain  by  a 
basalt  dated  at  4.47  Ma  (Turnbull,  Lundelius  and  McDougall 
1965) ,  which  contains  a  diverse  fauna  of  some  2  6  taxa  but  no 
murids,  limits  the  apparent  age  of  the  Dog  Rocks  Local  Fauna 
to  less  than  4.4  7  Ma. 

The  date  on  the  overlying  basalt  is  based  on  indirect 
evidence  and  requires  some  discussion.   This  basalt  is  one 
of  a  series  of  flows  of  the  Newer  Volcanics  that  filled  the 
paleovalleys  of  the  Moorabool  and  Barwon  Rivers  during  the 
late  Pliocene.   They  are  dated  using  samples  taken  from 
three  localities,  one  each  from  the  Geelong  Quarries  Ltd. 
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site,  where  at  least  three  separate  flows  are  exposed,  and 
the  Mobile  and  Fyansford  Quarry  sites  where  at  least  two 
flows  are  exposed  in  each  (Fig.  4.1).   The  exposure  of  the 
flow  at  the  Batesford  Quarry  lies  approximately  2  km  north 
of  the  former  and  approximately  3  km  north  of  the  latter  but 
cannot  be  traced  to  either  quarry  because  of  Quaternary 
alluvial  cover  (Fig.  4.1).   As  a  result,  it  is  not  possible 
to  observe  which  flow,  if  any,  is  common  to  both  Batesford 
and  the  other  quarries.   Aziz-ur-Rahman  and  McDougall  (1972) 
give  K-Ar  dates  from  'a  single  flow  in  the  Moorabool 
Valley'.   They  cite  petrological  evidence  and  the  occurrence 
of  a  reversed  magnetic  polarity  at  each  site  as 
corroborative  evidence  that  they  sampled  within  the  same 
flow.   All  later  authors  have  accepted  the  average  date  for 
the  three  quarry  sites  of  2.03  ±  0.13  Ma  (Aziz-ur-Rahman  and 
McDougall,  1972,  corrected)  as  a  minimum  date  for  the 
Moorabool  Valley  basalts  and  as  the  age  of  the  Batesford 
Quarry  flow.   The  presence  of  a  reversed  magnetic  polarity 
in  the  Batesford  Quarry  basalt,  as  revealed  in  this  study, 
provides  the  first  concrete  evidence  which  corroborates  this 
assumption  (Fig.  4.4).   I  conclude  that  a  date  of  2.02-2.42 
Ma  (Chron  2r  after  Harland  et  al.,  1982)  is  likely  for  the 
basalt  and  that  the  minimum  date  of  2.03  +  0.13  Ma  for  the 
age  of  the  Dog  Rocks  Local  Fauna  is  valid. 

An  alternate  maximum  date  for  this  fauna,  as 
constrained  by  the  foraminiferal  and  paleomagnetic  data 
could  also  be  ca.  3.88  Ma.   However,  the  presence  of  a 
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relatively  diverse  rodent  fauna  suggests  that  the  younger 
age  is  more  likely  for  this  assemblage. 

Conclusion 

Australian  paleontology  suffers  greatly  from  a  lack  of 
vertebrate  sites  with  absolute  chronological  control. 
Although  the  Dog  Rocks  material  is  of  relatively  poor 
quality,  its  faunal  diversity  (29  identified  taxa)  and  its 
age,  as  constrained  by  the  results  of  this  report,  make  it  a 
site  of  considerable  importance  in  the  Australian  record. 
Given  the  presence  of  the  rodent  fauna,  a  late  Pliocene  age 
is  considered  most  likely  for  this  site.   Therefore,  an  age 
of  2.03-2.48  Ma  is  proposed  for  the  Dog  Rocks  Local  Fauna. 
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TABLE  4.1 


Currently  Recognized  Vertebrate  Taxa  From  the 
Dog  Rocks  Local  Fauna 


Class  Osteichthyes 

Teleostei,  indet 
Class  Amphibia 

Anura,  indet. 
Class  Reptilia 

Squamata,  indet. 
Class  Aves 

Aves,  indet. 
Class  Mammalia 

Subclass  Marsupialia 
Family  Dasyuridae 
Dasyurus  sp. 
Antechinus  sp. 
Superfamily  Syndactyla 
Family  Peramelidae 
Perameles  sp. 
Isoodon  sp. 
Pseudocheirus  sp. A 
Pseudocheirus  sp.B 
Family  Macropodidae 

Macropus  cf.  qiqant 
Macropus  cf.  fuliqi 
Macropus  cf.  irma 
Macropus  sp.  A 
Macropus  sp.  B 


Family  Macropodidae  (cont.) 
Protemnodon  cf .  anaJc 
Protemnodon  sp.  A 
Sthenurus  sp. 
Wallabia  cf.  bicolor 
Wallabia  sp.  A. 

Family  Potorooidae 

Potorous  (Bettonqia) 
Tropsodon  sp. 

Family  Phalangeridae 
Phalanqer  sp. 

Family  Vombatidae 

Vombatus  ursinus 
Phascolonus  sp. 

Family  Diprotodontidae 
Zyqomaturus  sp. 

Family  Petauridae 

Petaurus  sp. 

Subclass  Eutheria 
Order  Rodentia 
eus       Family  Muridae 
nosus       Pseudomys  sp.  A 
Pseudomys  sp.  B 
Murid  indet.  A 
Murid  indet.  B 


CHAPTER  5 

MAGNETIC  POLARITY  STRATIGRAPHY  OF  THE  DUCK  PONDS  AND 

LIMEBURNER'S  POINT  VERTEBRATE  FOSSIL  FAUNA  SECTIONS 


Introduction 

The  Duck  Ponds  and  Limeburner's  Point  local  faunas 
were  both  discovered  in  the  last  century,  the  former  in 
1875  during  the  excavation  of  a  railway  viaduct  at  Lara 
(formerly  Duck  Ponds,  38°  2'  S,  144°  24.4'  E)  (Smyth  R. 
Brough,  1876)  and  the  latter  in  1895  at  a  lime  kiln  works 
at  Limeburner's  Point  (formerly  Point  Galena,  38°  10'  S, 
144°  23'  E)  (Pritchard,  1895)  (Fig.  5.1).   The  Duck  Ponds 
Local  Fauna  includes  Thylacoleo  carnifex.  Diprotodon  cf . 
D.  lonqiceps.  Protemnodon  cf.  P.  anak  and  Macropus  titan 
and  was  found  in  fluviatile  sediments  underlying  the  Lara 
Limestone  (Wilkinson,  1972)  and  overlying  a  flow  of  the 
Newer  Volcanics  (Fig.  5.2).   The  Limeburner's  Point  Local 
Fauna  was  recovered  from  a  freshwater  limestone  which  is 
either  an  equivalent  or  correlative  of  the  Lara  Limestone 
(Fig.  5.2).   The  Limeburner's  Point  Local  Fauna  is 
undescribed  but  is  under  study  by  Turnbull  at  the  Field 
Museum  in  Chicago.   It  currently  includes  Diprotodon 
lonqiceps,  Sminthopsis  orientalis  and  Sarcophilus 
(Turnbull,  pers.  comm. ,  1990).   On  the  basis  of  local 
stratigraphy  and  the  included  mammal  assemblages  both 
faunas  are  considered  to  be  of  early-middle  Pleistocene 
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Figure    5.1 


Location   and   Geologic   Map    for    the 
Limeburner's    Point    and    Duck    Ponds    local 
fauna    sections    and    the    Limeburner's    Bay- 
geologic    section. 
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age  (Wilkinson,  1972) .   Woodburne  et  al.  (1985)  correlate 
a  basalt  that  occurs  at  the  base  of  the  Duck  Ponds 
section  to  a  flow  exposed  5  km  to  the  northeast  of  Lara 
(38°  0.6'  S.,  144°  28.3'  E)  ,  which  has  a  '^^K-'^^Ar  date  of 
1.66  +  0.03  Ma  (Aziz-ur-Rahman  and  McDougall,  1972)  (Fig. 
5.1).   Therefore,  Woodburne  et  al.  (1985)  propose  an  age 
of  less  than  1.66  +  0.03  Ma  for  the  Duck  Ponds  Local 
Fauna.   Recently,  magnetic  polarity  stratigraphy  has  been 
highly  successful  in  resolving  and  refining  the  ages  of 
several  southern  Australian  mammal  faunas  (MacFadden  et 
al.,  1987;  Whitelaw,  1989).   This  study  reports  on  a 
magnetic  polarity  stratigraphy  developed  in  the  Geelong 
area  and  its  implications  for  the  age  of  the  Duck  Ponds 
and  Limeburner's  Point  Local  Faunas. 

Geologic  Setting 

The  Duck  Ponds  Local  Fauna  was  recovered  at  a  depth 
of  6.4  m  below  the  level  of  Hovell's  Creek,  in  the 
foundations  of  the  Lara  Railway  Viaduct  (Wilkinson, 
1972) .   Access  to  the  site  is  no  longer  possible,  but  a 
complete  description  of  the  geology  based  on  bores  taken 
near  the  viaduct  is  given  by  Keble  (1945)  after  Daintree 
(1863),  and  summarized  by  Wilkinson  (1972)  (Fig.  5.2). 
The  oldest  unit  in  this  section  is  a  flow  of  the  Newer 
(Upper)  Volcanics  Basalt  (lava  plain  stage)  which  is 
described  in  Keble  (1945)  as  soft  decomposed  basalt. 
Similar  basalts  outcrop  on  the  nearby  Werribee  Plain  as 
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Figure    5.2 


(A)  Stratigraphic  column  of  the  Duck  Ponds 
(Lara)  section  (after  Keble  (1945));  (B) 
Stratigraphic  column  and  Magnetic  Polarity 
Results  for  the  Limeburner's  Point  section; 
(C)  Stratigraphic  column  and  Magnetic 
Polarity  Results  Limeburner's  Bay  section. 
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Nvl  basalts  (Spencer-Jones,  1970) .   The  basalt  is 
overlain  by  fluviatile  sediments  that  consist  of  muds, 
clays,  sands  and  gravels  which  Keble  (pp.  30,  194  5) 
called  ^early  flood  plain  deposits'.   Within  the  section, 
at  a  depth  of  20  feet  (6.4  m)  Keble  (pp.  30,  1945) 
describes  the  occurrence  of  a  ^bed  of  quartz  gravel  and 
rotten  shells  overlying  a  stiff  clay'.   Wilkinson  (1972) 
identified  the  same  matrix  on  some  of  the  bones  in  the 
Duck  Ponds  collection  and  concluded  that  the  Duck  Ponds 
Local  Fauna  was  derived  from  the  same  horizon. 

The  fluviatile  sediments  are  overlain  by  16  feet 
(4.9  m)  of  the  Lara  Limestone  which  Keble  (pp.  30,  1945) 
subdivided  into  a  basal  ^soft  rubbly  limestone',  a 
^compact  limestone,  containing  freshwater  shells',  and  an 
upper  ^rubbly  limestone'.   The  Lara  Limestone  is  overlain 
by  1.3  m  of  soft  sandy  loam.   This  sedimentary  sequence 
is  described  as  Q2  on  the  1:63,360  geologic  map  (Spencer- 
Jones,  1970),  which  uses  a  Ql,  Q2 ,  Q3  notation  to 
characterize  the  oldest  to  youngest  Quaternary  sediments 
of  the  area  (Fig.  5.1). 

Since  the  original  Duck  Ponds  section  is  now  buried 
under  the  viaduct,  an  indirect  approach  to  dating  the 
section  was  used.   An  attempt  to  refine  the  basal  age 
constraint  for  the  fauna  was  made  by  sampling  a  section 
of  Ql  sediments  which  antedate  the  Q2  suite  at  Duck 
Ponds.   A  section  located  on  the  west  side  of 
Limeburner's  Bay,  into  which  Hovell's  Creek  flows,  was 
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chosen  (Fig.  5.1).   It  contains  a  2  m  exposure  of  Ql 
sediments  consisting  of  sands,  silts  and  clays,  that  are 
overlain  by  a  3.5  m  thick  flow  of  Nvl  basalts  and 
underlain  by  a  second  Nvl  basalt  which  outcropped  at  and 
below  water  level,  towards  the  south  end  of  the  section 
(Fig.  5.2)  . 

The  Limeburner's  Point  Local  Fauna  was  collected 
from  a  section  located  on  Limeburner's  Point 
approximately  80  m  west  of  some  abandoned  lime  kilns,  on 
the  south  side  of  the  Inner  Harbour  of  Corio  Bay  (Fig. 
5.1).   The  best  description  of  the  Limeburner's  Point 
section  is  by  Keble  (1945,  after  Daintree  (1863)  .   Keble 
describes  the  lower  11.3  m  (37  feet)  of  the  21.3  m  (70 
foot)  cliff  section.   He  notes  a  2.1  m  (7  foot)  thick 
freshwater  limestone  that  outcrops  at  and  extends  several 
feet  above  and  below  sea  level  and  that  contained 
freshwater  shells  that  ^are  identical  with  those  obtained 
in  the  well  in  the  Duck  Ponds  (Lara)  Limestone'  (pp.  31, 
Keble,  1945).   The  Limeburner's  Point  Local  Fauna,  which 
includes  Diprotodon  lonqiceps.  was  recovered  from  this 
limestone  and,  both  Daintree  (1863)  and  Keble  (1945) 
considered  it  to  be  contemporaneous  with  the  Duck  Ponds 
(Lara)  Limestone.   Spencer-Jones  (1970)  concurred  with 
this  assessment  and  classified  both  the  Limeburner's 
Point  limestone  and  the  Lara  Limestone  with  its 
underlying  sediments,  as  Q2  outcrops  (Fig.  5.1).   Most  of 
the  section  has  been  obscured  since  Keble's  (1945) 
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report,  but  outcrops  of  the  freshwater  limestone  are 
preserved  at  sea  level  and  four  paleomagnetic  sites  were 
collected  (Fig.  5.2). 

Paleomagnetic  Procedures  and  Results 

At  the  Limeburner's  Bay  and  Limeburner's  Point 
sections,  seven  and  four  sites,  respectively,  each  with 
three  separately  oriented  hand  samples  (A,  B  and  C)  were 
collected.   These  samples  were  prepared  and  analyzed  in 
the  Paleomagnetics  Laboratory  at  the  University  of 
Florida.   This  facility  contains  a  Superconducting 
Technology  cryogenic  magnetometer  (Goree  and  Fuller, 
1976) ,  a  Schonstedt  spinner  magnetometer  and  Schonstedt 
AF  and  thermal  demagnetizers.   Samples  were  measured  in 
the  shielded  room  laboratory  which  attenuates  the  ambient 
field  to  ca.  200  nT  (Scott  and  Frohlich,  1985,  provide 
similar  design  details) . 

The  Limeburner's  Bay  basalts  were  all  subjected  to 
stepwise  AF  demagnetization  carried  out  over  a  range  of 
0-100  mT  (at  10  mT  intervals)  (Fig.  5.3).   For  both 
localities,  one  sample  from  each  site  was  treated  with  a 
stepwise  thermal  demagnetization  regime  over  a  range  of 
0-610°  C  (16  steps)  (Fig.  5.3)  and  one  by  a  stepwise  AF 
demagnetization  regime  over  a  range  of  0-50  mT  (10 
steps) .   In  both  sections  the  AF  demagnetization 
treatment  did  not  always  successfully  isolate  a  stable 
component.   Therefore,  they  were  further  treated  by  a 
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Figure  5.3 


(A)  AF  zijderfeld  plot  Limeburner 's  Bay 
basalt  (Site  104) ;  (B)  Thermal  zijderfeld 
plot  from  Limeburner's  Bay  (Site  103);  (C) 
AF/Thermal  zijderfeld  plot  from  Limeburner's 
Bay  (Site  102);  (D)  IRM  plot  from 
Limeburner's  Bay  (Site  103) ;  (E)  Thermal 
zijderfeld  plot  from  Limeburner's  Point  (Site 
203) ;  (F)  AF/Thermal  zijderfeld  plot  from 
Limeburner's  Point  (Site  203) ;  (G) 
IRM  plot  from  Limeburner's  Point  (Site  201) . 
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stepwise  thermal  demagnetization  regime  over  a  range  of 
0-610°  C  which  successfully  demagnetized  them  (Fig.  5.3). 
As  the  thermal  treatment  was  the  most  successful 
demagnetizattion  method,  the  third  sample  from  each  of 
the  sediment  sites  was  treated  by  this  method. 

Isothermal  remanent  magnetization  (IRM)  experiments 
were  carried  out  on  four  representative  samples  from  the 
Limeburner's  Bay  section  and  two  samples  from  the 
Limeburner's  Point  section  (Fig.  5.3).   Greater  than  80% 
saturation  was  reached  by  14  0  mT  in  all  four  of  the 
Limeburner's  Bay  samples  and  by  80  mT  in  both 
Limeburner's  Point  samples.   In  both  cases  the  presence 
of  a  low  coercivity  mineral  as  a  dominant  carrier  of  the 
natural  remanent  magnetism  (NRM)  is  indicated.   These 
data,  together  with  thermal  and  AF  demagnetization 
characteristics  from  both  the  sediment  and  basalt  samples 
suggest  that  magnetite  is  the  dominant  carrier  of  the  NRM 
in  both  sections. 

The  magnetic  polarity  stratigraphy  of  the 
Limeburner's  Bay  section  is  characterized  by  a  single 
zone  of  reversed  magnetic  polarity.   A  stable 
characteristic  component  was  isolated  for  all  the 
sediment  sites  over  a  range  of  150-590   C.   All  four 
sites  produced  three  samples  each  with  concordant 
directions;  two  sites  have  statistically  significant  mean 
directions  with  R  values  >2.62  (after  Fisher,  1953)  and 
are  categorized  as  Class  I  reversed  polarity  sites  (after 


73 


Opdyke  et  al.,  1977)  and  two  produced  R  values  <2.62  and 
are  categorized  as  Class  III  reversed  polarity  sites 
(Fig.  5.2).   Samples  from  all  three  basalt  sites  in  the 
section  produced  a  stable  characteristic  component  over  a 
range  of  30-100  mT  after  a  low  coercivity,  viscous  normal 
overprint  was  removed.   All  three  sites  produced  three 
samples  each  with  statistically  significant  mean 
directions  (R  values  >2.62)  and  are  categorized  as  Class 
I  reversed  polarity  sites  (Fig.  5.2). 

The  magnetic  polarity  stratigraphy  of  the 
Limeburner's  Point  locality  is  characterized  by  a  single 
zone  of  normal  magnetic  polarity.   All  four  sites 
produced  three  samples  each  with  stable  characteristic 
components  and  concordant  directions  over  a  range  of  100- 
450°  C.   Three  of  the  four  sites  have  statistically 
significant  mean  directions  with  R  values  >2.62  and  are 
categorized  as  Class  I  normal  polarity  sites  (Fig.  5.2). 
One  site  produced  an  R  value  of  <2.62  and  is  categorized 
as  a  Class  III  normal  polarity  site. 

Correlation  to  the  Timescale 

A  correlation  to  the  geomagnetic  polarity  timescale 
for  the  Limeburner's  Point,  Limeburner's  Bay  and  Duck 
Ponds  sections  is  dependent  upon  three  stratigraphic 
interpolations.   A  basal  age  for  these  sections  is 
provided  by  the  age  of  the  Moorabool  Viaduct  Sands,  which 
underlie  the  area  (Spencer-Jones,  1970) .   Magnetic 
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polarity  stratigraphy  of  an  exposure  at  Batesford  Quarry 
indicates  that  the  Moorabool  Viaduct  Sands  has  an  age  of 
1.88-2.47  Ma  (Whitelaw,  1989).   Therefore,  the  age  of  the 
Duck  Ponds  and  Limeburner's  Point  sections  and  their 
enclosed  local  faunas  must  be  younger  than  2.47  Ma.   A 
second  constraint  is  indicated  by  Woodburne  et  al. 
(1985) ,  who  recognize  basalts  exposed  on  the  Werribee 
Plain  as  correlatives  of  the  basalt  in  the  Duck  Ponds 
section.   Aziz-ur-Rahman  and  McDougall  (1972)  determined 
a  '^^K-'^^Ar  age  of  1.66  +  0.03  Ma  (corrected  from  1.62  + 
0.03  Ma  by  Woodburne  et  al.,  1985)  and  a  reversed 
magnetic  polarity  for  one  of  these  basalts  some  6  km 
northeast  of  the  Duck  Ponds  locality  (Fig.  5.1). 
Woodburne  et  al.  (1985)  use  this  isotopic  date  as  a 
maximum  age  for  the  Duck  Ponds  Local  Fauna  (Fig.  5.4) . 
This  is  in  general  agreement  with  Wilkinson  (1972) ,  who, 
on  the  basis  of  the  fauna,  suggested  an  early  to  middle 
Pleistocene  age  for  the  Duck  Ponds  Local  Fauna.   Thirdly, 
on  the  basis  of  lithologic  similarity  and  a  shared  fossil 
assemblage,  the  Q2  outcrop  of  freshwater  limestone  at 
Limeburner's  Point  is  considered  to  be  contemporaneous 
with  the  Lara  Limestone  which  occurs  in  the  Duck  Ponds 
section  (Daintree,  1863;  Keble,  1945;  Wilkinson,  1972) 
(Fig.  5.2). 

If  the  above  correlations  are  correct,  then  it  is 
possible  to  construct  a  composite  stratigraphy  that 
further  constrains  the  age  of  the  Duck  Ponds  Local  Fauna. 
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DUCK      LIMEBURNER'S  CORRELATION 
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Figure  5.4. 


Composite  stratigraphic  section  and 
correlation  to  the  timescale  for  the 
Limeburner's  Bay,  Limeburner 's  Point  and 
Duck  Ponds  Sections. 
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This  composite  section  consists  of  a  basal  unit  of  the 
Werribee  Plains  basalt  (Nvl)  overlain  by  the  Limeburner ' s 
Bay  (Ql)  and  Limeburner's  Point  (Q2)  sections  (Fig.  5.4). 
The  resultant  magnetostratigraphy  may  be  characterized  by 
a  lower  zone  of  reversed  polarity  (Nvl)  overlain  by  a 
second,  or  part  of  the  same,  reversed  polarity  zone  as 
preserved  in  the  Ql  sediment  sequence.   This  is  overlain 
by  a  normal  polarity  zone,  as  preserved  in  the  Q2 
freshwater  limestones  (Fig.  5.4).   Given  a  basal  age 
constraint  of  1.66  +  0.03  Ma,  there  are  only  two  possible 
correlations  of  this  sequence  to  the  geomagnetic  polarity 
timescale.   Using  the  timescale  of  Berggren  et  al.  (1985) 
the  age  of  the  Ql  sediments  must  fall  in  one  of  the  upper 
Matuyama  Chron  reversed  zones  of  1.66-0.98  Ma  or  0.91- 
0.73  Ma  and  the  age  of  the  Q2  freshwater  limestones  must 
fall  within  the  Jaramillo  Normal  Subchron  of  0.98-0.91  Ma 
or  the  Brunhes  Normal  Chron  of  0.73-0  Ma  (Fig.  5.4). 

The  presence  of  a  reversed  polarity  in  the  Ql 
sediments  supports  the  suggestion  by  Woodburne  et  al., 
(1985)  of  a  basal  age  of  1.66  +  0.03  Ma  for  the  Duck 
Ponds  Local  Fauna.   The  polarity  of  the  Q2  fluviatile 
sediments,  which  contain  the  Duck  Ponds  Local  Fauna, 
cannot  be  uniquely  resolved  from  the  available  data  but 
it  is  overlain  by  the  Lara  Limestone,  which  by 
correlation  to  the  Limeburner 's  Point  section,  has  a 
normal  polarity.   Therefore,  the  age  of  the  Duck  Ponds 
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Local  Fauna  remains  constrained  to  less  than  1.66  Ma 
(Fig.  5.4) . 

The  Limeburner's  Point  Local  Fauna  lies  within  Q2 
sediments  and  stratigraphically  above  the  Duck  Ponds 
Local  Fauna.   Therefore,  it  too  is  constrained  by  a  basal 
age  of  1.66  +  0.03  Ma.   The  Limeburner's  Point  Local 
Fauna  also  falls  within  a  zone  of  normal  polarity  further 
constraining  the  age  to  either  0.91-0.98  or  0-0.73  Ma. 

Conclusions 

The  use  of  magnetic  polarity  stratigraphy  to  date 
the  Duck  Ponds  and  Limeburner's  Point  Local  Faunas  is 
dependent  on  two  correlations.   The  first  is  a  proposed 
interpolation  between  the  basal  basalt  in  the  Duck  Ponds 
section  and  a  dated  basalt  (1.66  +  0.03  Ma)  located  5  km 
to  the  northeast  on  the  Werribee  Plain  (Woodburne  et  al., 
1985) .   The  second  is  a  correlation,  based  on  similiar 
lithologies  and  shared  fossil  assemblages,  between  the 
freshwater  limestone  exposed  at  Limeburner's  Point  and 
the  Lara  Limestone,  as  described  in  the  Duck  ponds 
section.   If  these  correlations  are  correct,  then  the  age 
of  the  Duck  Ponds  Local  Fauna  must  be  younger  than  1.66 
Ma  and  probably,  older  than  0.98  Ma.   The  age  of  the 
Limeburner's  Point  Local  Fauna  is  constrained  to  be 
younger  than  0.98  Ma. 


CHAPTER  6 
MAGNETIC  POLARITY  STRATIGRAPHY  OF  THE  FISHERMAN'S  CLIFF 
AND  BONE  GULCH  VERTEBRATE  FOSSIL  FAUNAS 


Introduction 

The  Fisherman's  Cliff  and  Bone  Gulch  Local  Faunas 
are,  respectively,  the  second  and  third  oldest  maininalian 
fossil  assemblages  known  in  the  Murray  Basin  of  New  South 
Wales,  Australia  (Woodburne  et  al . ,  1986).   The  current 
faunal  list  for  Fisherman's  Cliff  contains  22  mammalian 
taxa  including  Diprotodon  sp. ,  Lasiorhinus  sp.  and 
members  of  the  Macropodidae,  Dasyuridae  and  a  large 
number  of  murids  (Crabb,  1975;  Rich  et  al.,  1982).   The 
current  faunal  list  for  Bone  Gulch  contains  seven 
mammalian  taxa  and  includes  Thylacoleo  sp.,  Phascolonus 
sp.  cf.  P.  maqnus.  and  members  of  the  Diprotodontidae, 
the  Macropodidae  and  the  Muridae  (Rich  et  al.,  1982). 
These  localities  are  units  of  a  suite  of  five 
geographically  localized  mammalian  fossil  faunas  that 
form  a  temporal  sequence  in  the  Murray  Basin.   Together 
with  the  older  Sunlands  fauna  and  the  younger  faunas  from 
Frenchman's  Creek  and  Lake  Victoria,  they  document  the 
evolution  of  mammalian  groups  from  the  Pliocene  to  the 
Recent  in  this  region  of  Australia.   In  order  to 
understand  the  rates  of  evolutionary  change  and  faunal 
dynamics  displayed  in  these  assemblages,  it  is  vital  to 
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place  them  in  a  well  constrained  chronologic  framework. 
This  study  presents  magnetic  polarity  stratigraphies  for 
sections  at  Fisherman's  Cliff  and  Bone  Gulch,  and 
discusses  chronologic  age  constraints  for  the  Fisherman's 
Cliff  and  Bone  Gulch  Local  Faunas. 

Previous  Work 

The  original  age  for  the  Fisherman's  Cliff  Local 
Fauna,  which  is  contained  within  the  Moorna  Sand,  was 
based  on  the  geomorphic  studies  of  Gill  (1973)  and  on  the 
biostratigraphic  relationships  proposed  by  Marshall 
(1973) .   The  latter  suggested  a  late  Pliocene  to 
Pleistocene  age  for  the  fauna  on  the  basis  of  the 
presence  of  Glaucodon  ballaratensis  and  Protemnodon  cf . 
P.  otibandus.   Later,  based  on  the  high  diversity  of 
murids  in  the  Fisherman's  Cliff  Local  Fauna  Crabb  (1975) , 
suggested  a  "lower"  (early)  Pleistocene  age.   Crabb 's 
faunal  age  revision  was  indirectly  called  into  question 
by  Bowler  (1980)  based  on  a  magnetostratigraphy  developed 
at  Chowilla,  some  75  km  west  of  Fisherman's  Cliff  (Fig. 
6.1).   The  section  at  Chowilla  contains  the  Karoonda 
Surface  and  part  of  the  Blanchetown  Clay,  two  regionally 
important  stratigraphic  markers,  which  were  found  to 
occur  within  the  Gauss  Chron  (Bowler,  1980;  An  et  al., 
1986) .   Using  these  data  and  a  correlation  based  on  the 
common  occurrence  of  the  Karoonda  Surface  and  the 
Blanchetown  Clay  at  both  the  Chowilla  section  and 
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Figure  6.1.   Location  and  Geologic  Map  of  the  Fisherman's 
Cliff  and  Bone  Gulch  fossil  mammal 
localities  and  extent  of  Lake  Bungunnia. 
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Fisherman's  Cliff,  Woodburne  et  al.,  (1985)  proposed  a 
Gauss  Chron  age  for  the  Fisherman's  Cliff  Local  Fauna. 
However,  this  proposal  was  never  tested  by  direct 
sampling  of  the  section  in  which  the  mammal  fossils 
occur. 

The  Bone  Gulch  Local  Fauna  was  described  by  Marshall 
(1973) ,  but  he  did  not  regard  the  mammals  as  being 
biochronologically  useful.   The  fauna  is  contained  within 
the  Blanchetown  Clay,  and  based  on  the  stratigraphic  work 
of  Firman  (1965)  and  Gill  (1973),  Marshall  (1973) 
assigned  an  age  of  late  Pliocene  or  early  Pleistocene  to 
the  fauna.   Woodburne  et  al.  (1985),  based  on  the  work  of 
Bowler  (1980) ,  correlated  the  exposed  section  of  the 
Blanchetown  Clay  at  Bone  Gulch  to  a  section  of  the  same 
formation  at  Chowilla,  and  proposed  an  age  ^probably 
limited  to  the  Matuyama  and  a  position  in  the  earlier 
part  of  the  chron,  close  to  the  Pliocene-Pleistocene 
boundary'  (Woodburne  et  al.,  1985  pp.  350). 

In  1986  a  detailed  magnetic  polarity  stratigraphy, 
which  used  an  exposure  on  the  Murray  River,  at  Chowilla, 
and  a  core  taken  from  Lake  Victoria,  was  published  (An  et 
al.,  1986).   The  An  et  al.  (1986)  stratigraphy  and 
magnetostratigraphy  functions  as  a  reference  section  for 
the  area  and  allows  direct  stratigraphic  and  magnetic 
polarity  correlations  between  it  and  the  Fisherman's 
Cliff  and  Bone  Gulch  sections.   The  lower  part  of  this 
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stratigraphy  may  be  correlated  to  the  Fisherman's  Cliff 
locality  through  the  common  occurrence  of  the  Karoonda 
Surface  (Gill,  1973) ,  a  regionally  important 
stratigraphic  marker  and  to  both  the  Fisherman's  Cliff 
and  Bone  Gulch  localities  through  the  common  occurrence 
of  the  Blanchetown  Clay.   The  purpose  of  this  report  is 
to  test  these  correlations  by  establishing  magnetic 
polarity  stratigraphies  for  the  Fisherman's  Cliff  and 
Bone  Gulch  localities,  which  may  then  be  compared  to  the 
section  studied  by  An  et  al.  (198  6)  at  Chowilla.   A 
successful  correlation  to  the  Chowilla  section  will  allow 
the  establishment  of  chronologic  age  constraints  for  the 
Fisherman's  Cliff  and  Bone  Gulch  Local  Faunas. 

Geographic  and  Geologic  Setting 

Both  the  Fisherman's  Cliff  and  Bone  Gulch  Local 
Faunas  were  derived  from  the  predominantly  lacustrine 
Lake  Bungunnia  series,  which  consists  of  the  basal  Moorna 
Formation,  the  Chowilla  Sand  and  the  overlying 
Blanchetown  Clay.   The  Fisherman's  Cliff  Local  Fauna  was 
recovered  from  the  riverine/lacustrine  Moorna  Formation 
from  a  cliff  and  associated  gullies  located  on  the  north 
(New  South  Wales)  bank  of  the  Murray  River,  22.5  km  west 
of  Wentworth  (34°  7'  S,  141°  39'  E)  (Fig.  6.1).   The  Bone 
Gulch  Local  Fauna  was  recovered  from  a  series  of  low 
lying  gulches,  formed  in  the  Blanchetown  Clay,  located  on 
the  north  side  of  the  Murray  River,  approximately  1  km 
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west  of  Fisherman's  Cliff  (34°  1'    S,  141°  37'  E)  (Fig. 
6.1)  . 

The  Lake  Bungunnia  paleo-lake  developed  in  the  Lake 
Victoria  Syncline  as  a  result  of  tectonic  shifts  of  the 
Pinaroo  block  and  subsequent  damming  of  the  Murray- 
Darling  River  system  in  the  middle  Pliocene  (An  et  al., 
1986) .   Sedimentary  deposits  of  Lake  Bungunnia  cover  an 
area  of  some  68,000  km^  in  the  Murray  Basin  (Fig.  6.1) 
and  overlie  the  regressive  marine  Parilla  Sand.   Much  of 
the  post  mid-Pliocene  sedimentation  history  of  the  Murray 
Basin,  and  the  Lake  Bungunnia  sequence  in  particular,  is 
characterized  by  interdigiation  and  strong  lateral  and 
vertical  facies  variation.   Consequently,  correlation  of 
time  and  stratigraphic  units  has  been  difficult  and/or 
tenuous.   This  situation  is  somewhat  alleviated  by  the 
presence  of  regionally  extensive  pedoderms  or  surfaces, 
which  are  preserved  as  soil  horizons,  silcretes  or 
disconformities.   These  are  used  as  horizon  markers  over 
large  areas  of  the  basin  (Gill,  1973) .   A  major  horizon, 
the  Karoonda  Surface,  is  present  at  both  the  Chowilla  and 
Fisherman's  Cliff  sections  and  acts  as  an  important 
stratigraphic  benchmark  over  much  of  the  region. 

The  base  of  the  Fisherman's  Cliff  section  is  formed 
by  the  Moorna  Formation  (Fig.  6.2),  the  type  section  of 
which  is  located  at  the  west  end  of  Fisherman's  Cliff 
(Gill,  1973).   It  is  described  as  "an  assortment  of 
mostly  unoxidized  riverine  deposits,  gravels  and  silts  . 
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.  ."  (Gill,  1973  p.  40).   At  the  sampling  locality  the 
Moorna  Formation  extends  down  below  mean  river  level  so 
that  its  total  thickness  is  unknown,  however  a  section 
9.8  m  thick  was  measured  (Fig.  6.2).   From  river  level, 
the  Moorna  Formation  grades  from  reddish-brown,  silty 
clays,  containing  sand  stringers,  to  massive,  medium  to 
fine-grained  quartz  sands  which  are,  in  turn,  overlain  by 
laminated  and  crossbedded,  coarse  grained,  quartz  sands. 
Minor  conglomeratic  lenses  occur  towards  the  top  of  the 
formation.   The  Moorna  Formation  exhibits  strong  lateral 
gradation  along  the  cliff  face,  ranging  from  poorly 
sorted  gravels  and  coarse  sands  at  the  western  end  to 
laminated  clayey  silts  at  the  eastern  end.   The  former 
are  interpreted  to  be  channel  deposits  and  the  latter 
flood  plain  deposits  (Gill,  1973).   The  contact  of  the 
Moorna  Formation  with  the  overlying  Chowilla  Sand  is 
marked  by  a  disconformity  identified  as  the  Karoonda 
Surface  (Gill,  1973). 

The  Chowilla  Sand  is  represented  by  0.8  m  of  sand  at 
Fisherman's  Cliff  (Fig.  6.2).   The  Chowilla  Sand  and  the 
overlying  Blanchetown  Clay  heavily  interdigitate 
throughout  the  area  with  the  former  rising  through  the 
latter,  either  dividing  or  capping  it  in  many  sections. 
The  thicknesses  of  the  Blanchetown  Clay  and  the  Chowilla 
Sand  vary  from  4.6m  and  3.6  m,  respectively,  at  the 
western  end  to  7.6  m  and  0.9  m  at  the  eastern  end.   Crabb 
(1975)  questions  the  stratigraphic  validity  of  the 
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Chowilla  Sand  and  the  Moorna  Formation,  both  of  which  he 
considers  to  be  intraformational  units  within  or  facies 
variants  of  the  Blanchetown  Clay.   However,  Crabb  (1975) 
continued  to  use  the  "Moorna  Formation"  to  describe  the 
stratigraphic  unit  from  which  he  recovered  the 
Fisherman's  Cliff  Local  Fauna  and  the  name  has  persisted 
in  recent  literature.   Therefore,  I  will  continue  to 
follow  the  original  interpretation  of  Gill  (1973)  until 
the  situation  is  clarified. 

The  Blanchetown  Clay  as  exposed  at  Fisherman's  Cliff 
is  characterized  by  an  8.0  m  section  of  red-green  mottled 
clays  (Fig.  6.2)  which  exhibit  a  popcorn  like  texture 
when  weathered.   These  grade  into  red,  sandy  clays 
containing  numerous  phosphatic  nodules  towards  the  top  of 
the  Fisherman's  Cliff  section. 

At  Bone  Gulch  the  entire  section  consists  of 
approximately  3.5  m  of  the  Blanchetown  Clay  exposed  in 
the  walls  of  a  gully.   This  outcrop  occurs 
stratigraphically  higher  within  the  Blanchetown  Clay  than 
the  section  at  Fisherman's  Cliff,  but  its  lithology  is 
closely  comparable  with  the  red-green  mottled  clays  from 
that  locality.   Small  lenses  of  sand,  which  may  be 
equivalent  to  the  Chowilla  Sand,  occur  at  the  base  of  a 
few  gullies  in  the  Bone  Gulch  area.   The  thickest 
vertical  section  exposed  at  Bone  Gulch  is  2.0  m  and  was 
sampled  for  magnetic  polarity  stratigraphy  (Fig.  6.2). 
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Paleomaqnetic  Procedures  and  Results 

A  minimum  of  three  separately  oriented 
paleomaqnetic  samples  were  collected  from  each  of  21 
sites  at  the  Fisherman's  Cliff  section  and  each  of  five 
sites  from  the  Bone  Gulch  section  (Fig.  6.2).   Sampling 
was  conducted  at  the  east  end  of  the  main  face  at 
Fisherman's  Cliff,  in  a  section  where  it  achieves  its 
greatest  height  of  approximately  18.3  m.   Samples  were 
collected  along  a  westward  traverse,  which  started  on  the 
bank  of  the  Murray  River  and  moved  up  the  face  of  the 
cliff.   A  total  of  twelve  sites  were  collected  from  the 
Moorna  Formation  at  the  Fisherman's  Cliff  section  (Fig. 
6.2),  one  from  the  Chowilla  Sand  and  eight  from  the 
Blanchetown  Clay.   Samples  from  Bone  Gulch  were  collected 
from  a  2.0  m  section  located  in  the  first  of  a  series  of 
gullies  which  incise  the  Blanchetown  Clay,  approximately 
100  metres  from  the  present  position  of  the  north  bank  of 
the  Murray  River. 

Samples  were  trimmed  into  2.54  cm  cubes  and 
impregnated  with  sodium  silicate.   Sodium  silicate  is 
helpful  in  preventing  sample  collapse,  particularly 
during  high  temperature  thermal  demagnetization,  and 
laboratory  experiments  indicate  that  it  carries  a 
negligible  magnetic  signal. 

One  sample  from  each  Fisherman's  Cliff  site  was 
subjected  to  stepwise  thermal  demagnetization  over  a 
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range  of  0-630°  C  (16  steps)  (Fig.  6.3b).   A  second 
sample  was  subjected  to  stepwise  alternating  field  (AF) 
demagnetization  over  a  range  of  0-99  mT  (5  mT  intervals) 
(Fig.  6.3a).   The  third  sample  was  treated  by  whichever 
method  proved  most  effective  for  the  first  two.   All 
samples  from  the  Bone  Gulch  section  were  treated  by  a 
combination  of  both  AF  and  thermal  treatments. 

All  samples  were  demagnetized  using  Schonstedt  AF 
and  thermal  demagnetizers.   Remanent  magnetism  was 
measured  with  a  Superconducting  Technology  cryogenic 
magnetometer  (Goree  and  Fuller,  1976)  in  the 
Paleomagnetics  Laboratory  at  the  University  of  Florida. 
This  facility  is  housed  in  a  shielded  room  which 
attenuates  the  ambient  field  to  ca.  200  nT  (see  Scott  and 
Frohlich,  1985,  for  similar  design  details) . 

The  demagnetization  characteristics  of  the 
Fisherman's  Cliff  samples  improve  upwards  through  the 
section.   A  stable  magnetic  component  could  not  be 
isolated  for  six  sites  (102,  106,  109,  110,  111  and  114), 
and  these  were  rejected,  site  108  was  rejected  because  of 
sample  collapse.   Other  sites  produced  stable 
characteristic  components  over  a  range  of  200-525°  C  in 
the  thermal  samples,  and  0-70  mT  in  the  AF  samples  (Figs. 
6.3a,b).   Nine  sites  produced  three  samples  each  of 
statistically  significant  demagnetization  characteristics 
(R  values  >2.62,  see  Fisher,  1953).   These  are  classified 
as  Class  I  sites  (Fig.  6.2)  (after  Opdyke  et  al.,  1977). 
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Five  sites  produced  two  samples  each  with  concordant 
directions  and  are  classified  as  Class  III  sites.   Of  the 
21  originally  sampled  sites,  14  were  ultimately  used  to 
interpret  the  magnetic  polarity  stratigraphy  (Fig.  6.2). 

Stepwise  AF  demagnetization  was  carried  out  over  a 
range  of  0-100  mT  (at  5  mT  intervals)  and  followed  by 
thermal  demagnetization  over  a  range  of  100-4  50°  C  (9 
steps)  on  the  Bone  Gulch  samples.   The  demagnetization 
characteristics  are  dominated  by  a  normal  polarity 
overprint  which  was  resistant  to  AF  demagnetization  but 
susceptible  to  thermal  treatment.   For  four  of  five  sites 
a  stable  characteristic  component  was  isolated  over  a 
range  of  100-450°  C.   Sites  102,  101  and  100  produced 
three  sample  each  of  reversed  polarity  and  statistically 
significant  mean  directions.   These  are  categorized  as 
Class  I  reversed  polarity  sites  (after  Opdyke  et  al., 
1977)  (Fig.  6.2).   Site  103  produced  two  samples  with 
concordant  directions  and  is  categorized  as  a  Class  III 
reversed  polarity  site.   Site  104  failed  to  produce 
demagnetization  trends  with  concordant  directions  and  was 
rejected  from  the  study. 

Isothermal  remanent  magnetization  (IRM)  saturation 
experiments  were  carried  out  on  selected  samples  from  14 
Fisherman's  Cliff  sites  and  three  Bone  Gulch  sites. 
Greater  than  80%  saturation  was  reached  in  all  samples  by 
120  mT  and  in  most  cases,  by  100  mT  (Figs.  6.3c,d). 


90 


B 


N(UP) 


N(UPI 


S(DOWN) 


S(OOWN) 


INTENSITY 
■W/J. 


200- 


INTENSITY 

,  J  J'/J« 


1.0  2.0  3.0 

TREATMENT    (A/m) 


O  1.0  2.0  3.0 

.  TREATMENT    (A/m) 


Figure    6.3 


Vector  demagnetization  and  isothermal 
remanent  acquisition  diagrams  for  selected 
samples  from  the  Fisherman's  Cliff  (FC)  and 
Bone  Gulch  (BG) sections .  (A)  AF 
demagnetization  for  FC  sample  107.1;  (B) 
Thermal  demagnetization  for  FC  sample  113.2 
(C)  Isothermal  remanence  saturation  plot 
for  FC  sample  115.1.  (D)  Isothermal 
remanence  saturation  plot  BG  sample  103.1. 
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These  experiments,  together  with  thermal  demagnetization 

results,  suggest  that  magnetite  is  the  major  carrier  of 

the  NRM  in  all  samples  from  Fisherman's  Cliff  and  Bone 

Gulch.   In  several  samples  from  both  localities,  IRM 

acquisition  continued  slowly  after  reaching  the 

saturation  plateau.   This  is  interpreted  to  indicate  the 

presence  of  a  second  magnetic  mineral  which  may  also  be 

carrying  part  of  the  NRM.   This  mineral  is  characterized 

by  a  high  coercivity  and  a  low  blocking  temperature  (Fig. 

6.3b)  and  is  here  interpreted  to  be  goethite. 

Magnetic  Polarity  Stratigraphy  and  Correlation  to  the 

Timescale 

The  magnetic  polarity  stratigraphy  of  Fisherman's 
Cliff  is  characterized  by  a  short  reversed  zone  (sites 
100  and  101)  that  occurs  at  the  base  of  the  cliff  in  the 
Moorna  Formation.   This  is  overlain  by  a  zone  of  normal 
polarity  that  extends  up  through  the  remainder  of  the 
section.   The  horizon  that  produced  the  Fisherman's  Cliff 
Local  Fauna  is  located  in  the  Moorna  Formation  between 
the  base  of  the  section  and  the  Karoonda  Surface  and 
therefore,  falls  within  the  zone  of  normal  polarity  (Fig. 
6.2).   The  magnetostratigraphy  of  the  Bone  Gulch  section 
is  characterized  by  the  presence  of  a  single  zone  of 
reversed  polarity  that  occurs  within  the  Blanchetown 
Clay. 

As  previously  noted,  the  Karoonda  Surface  is  present 
at  a  Murray  River  cliff  section  at  Chowilla  (An  et  al.. 
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1986).   An  et  al.  (1986)  indicate  that  the  Karoonda 
Surface  and  part  of  the  Blanchetown  Clay,  in  the  Chowilla 
section,  occur  within  a  normal  polarity  zone  of  the  Gauss 
Chron  (2.47-2.92  Ma,  after  Berggren  et  al.,  1985)  with 
the  upper  part  of  the  Blanchetown  Clay  occuring  in  a 
reversed  polarity  zone  identified  as  the  Matuyama  Chron 
(Fig.  6.4).   The  common  occurrence  of  the  Karoonda 
Surface  at  both  the  Fisherman's  Cliff  and  Chowilla 
sections  allows  stratigraphic  and  magnetostratigraphic 
correlations  which  may  be  used  to  establish  the  age  of 
both  the  Fisherman's  Cliff  and  Bone  Gulch  Local  Faunas. 
The  Karoonda  Surface  at  Fisherman's  Cliff,  as  marked  by 
the  disconformity  between  the  Moorna  Formation  and  the 
Chowilla  Sand  is  also  found  in  a  normal  polarity  zone 
which  is  here  interpreted  to  be  the  Gauss  Chron  (2.47- 
2.92  Ma)  (Fig.  6.4).   This  polarity  zone  extends  down 
through  the  fossil if erous  horizon  and  therefore  restricts 
its  age  to  that  of  the  Gauss  Chron.   The  presence  of  a 
short  reversed  polarity  zone  at  the  base  of  the  section 
is  interpreted  as  being  the  Kaena  Event  (2.92-2.99  Ma). 
The  exposure  of  the  Blanchetown  Clay  at  Bone  Gulch 
is  stratigraphically  higher  than  that  seen  at  Fisherman's 
Cliff  but  is  still  considered  to  lie  towards  the  base  of 
the  formation  (Woodburne  et  al.,  1985;  Crabb,  1977). 
However,  since  it  is  younger  than  the  Fisherman's  Cliff 
exposure  and  carries  a  reversed  magnetic  polarity,  the 
age  of  the  Bone  Gulch  exposure  is  therefore  constrained 
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to  within  a  range  of  0.73-2.47  Ma  (Fig.  6.4).   Such  an 
interpretation  agrees  with  the  findings  of  An  et  al. 
(1986) ,  in  which  a  similar  zone  of  reversed  polarity  at 
the  Chowilla  section  was  correlated  to  the  Matuyama 
Chron.   Woodburne  et  al.  (1985)  suggest  that  the  Bone 
Gulch  Local  Fauna  is  of  late  Pliocene  or  early 
Pleistocene  age  and  this  may  be  used  to  further  constrain 
the  Bone  Gulch  magnetostratigraphy  to  within  the  early 
Matuyama  Chron  (1.87-2.47  Ma,  after  Berggren  et  al., 
1985).   Therefore,  an  age  of  1.87-2.47  Ma  is  suggested 
for  the  Bone  Gulch  Local  Fauna. 

Conclusion 

The  use  of  magnetic  polarity  stratigraphy  to  date 
the  Fisherman's  Cliff  and  Bone  Gulch  localities  depends 
on  the  recognition  of  the  Karoonda  Surface  and  the 
Blanchetown  Clay  at  both  Fisherman's  Cliff  and  Chowilla. 
Prior  to  this  study  the  age  of  the  Fisherman's  Cliff 
Local  Fauna  was  based  on  the  common  presence  of  the 
overlying  Blanchetown  Clay  at  both  sites  and  the 
assumption  that  the  Karoonda  Surface,  as  represented  by  a 
pedoderm  at  Chowilla,  correlates  to  a  disconformity  at 
Fisherman's  Cliff.   This  is  the  basis  for  the  Woodburne 
et  al.  (1985)  Gauss  Chron  age  interpretation  for  the 
Fisherman's  Cliff  Local  Fauna,  which  refuted  a  previous 
early  Pleistocene  assignment  based  on  stage  of  faunal 
evolution.   Notwithstanding  the  problems  of  nomenclature 
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discussed  above,  and  based  on  this  study,  the  Woodburne 
et  al.  (1985)  estimate  of  an  early  Gauss  Chron  age  (2.47- 
2.92  Ma)  for  the  Fisherman's  Cliff  Local  Fauna  appears  to 
be  correct. 

The  Bone  Gulch  Local  Fauna  occurs  within  a  section 
of  the  Blanchetown  Clay  that  is  stratigraphically  higher 
than  that  exposed  at  Fisherman's  Cliff  and  of  reversed 
magnetic  polarity.   This  constrains  its  age  to  the 
Matuyama  Chron  (0.73-2.47  Ma).   Indications  that  the 
fauna  is  probably  of  late  Pliocene  to  early  Pleistocene 
age  suggest  that  the  reversed  polarity  zone  at  Bone  Gulch 
is  best  correlated  to  the  lower  Matuyama  Chron  and  an  age 
of  1.87-2.47  Ma  is  suggested  for  the  Bone  Gulch  Local 
Fauna.   The  chronologic  ages  established  for  these  two 
localities,  and  the  local  faunas  they  contain,  are  the 
first  in  the  Murray  Basin  beyond  the  range  of  carbon 
dating.   As  such,  they  represent  an  important  addition  to 
the  development  and  understanding  of  mammalian 
biochronology  in  this  region. 


CHAPTER  7 
SUMMARY  AND  CONCLUSIONS 

Introduction 


Australian  vertebrate  paleontology  has  undergone  a 
renaissance  since  the  middle  1960 's.   The  discovery  and 
collection  of  new  fossil  faunas  has  progressed  at  an 
unprecedented  rate,  giving  new  insights  into  the 
development  and  evolution  of  Australia's  mammalian  fauna. 
Recent  advances  in  biomolecular  studies  by  Kirsch  (1968; 
1977)  and  others;  the  examination  of  the  tarsal  bone 
morphology  in  marsupials  (Szalay,  1982) ;  and  the  strict 
application  of  phylogenetic  systematics  (Marshall,  1979; 
Archer,  1987)  has  allowed  a  far  greater  understanding  of 
the  familial  relationships  within  and  between  the 
marsupial  clades  as  they  exist  today  and  as  they  were  in 
the  past.   Unfortunately,  the  determination  of 
chronologic  control  for  fossil  faunas  has  not  been 
pursued  with  the  same  vigor. 

In  southeastern  Australia  many  fossil  vertebrate 
faunas  have  been  assigned  ages  on  the  basis  of 
stratigraphic  relationships  to  '*^K-'*  Ar  dated  basalts. 
Of  the  12  localities  discussed  in  this  report  nine  have 
their  ages  described  in  terms  of  a  relationship  to  a 
basalt  flow.   The  ages  of  these  flows  are  based  on  work 
by  Turnbull  et  al.  (1965),  McDougall  et  al.  (1966),  Aziz- 
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ur-Rahman  and  McDougall  (1972)  and  McKenzie  et  al. 
(1983) .   Of  these  localities,  the  Hamilton  Local  Fauna  is 
the  only  one  in  which  the  basalt  samples  were  taken  from 
a  section  that  was  in  visible  contact  with  the  fossil 
bearing  horizon.   The  Forsyth's  Bank  locality  is  also 
overlain  by  the  Hamilton  flow  but  a  hiatus  exists  between 
the  Grange  Burn  Formation  (the  bone  bearing  horizon)  and 
the  overlying  basalt.   Correlations  of  basalts  exposed  at 
other  fossil  localities  to  those  that  have  been  '^°K-'*°Ar 
dated  must  be  considered  tenuous  if  the  contacts  can  not 
be  walked  out  or  corroborated  in  some  way.   This  is 
especially  important  when  a  series  of  flows  occur  in  the 
same  area,  a  situation  seen  at  the  Boxlea,  Parwan, 
Coimadai,  Dog  Rocks,  Duck  Ponds  and  Limeburner's  Point 
localities. 

Magnetic  polarity  stratigraphy  offers  a  means  of 
checking  long  distance  correlations,  both  between 
individual  basalt  flows  and  stratigraphic  sections  in 
general.   Comparision  of  magnetostratigraphies  from  two 
sections  allows  correlations  independent  of  local 
stratigraphy  and  the  development  of  age  constraints, 
either  autonomously  or  in  concert  with  other  chronologic 
controls.   This  study  makes  use  of  magnetic  polarity 
stratigraphy,  the  first  time  this  method  has  been  used  on 
such  a  scale  on  the  Australian  continent,  to  develop  age 
constraints  for  a  series  of  Pliocene  and  Pleistocene 
fossil  faunas  (Fig.  7.1). 
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Figure  7.1   Map  of  southeastern  Australia  showing  all 
local  faunas  discussed  in  this  study. 


99 


Description  and  Age  Constraints  of  Fossil  Local  Faunas. 

A  brief  review  of  each  local  fauna  and  consideration 
of  its  age  constraints  prior  to  this  study  are  presented. 
These  are  followed  by  the  results  of  the 

magnetostratigraphic  analyses  conducted  on  each  locality 
and  consideration  of  new  implications  for  the  age  of  the 
local  fauna.   The  local  faunas  are  treated  in  groups 
according  to  the  depositional  basin  from  which  they 
originate.   Following  Rich  et  al.  (in  press)  the 
designation  of  "local  fauna"  is  reserved  for  those 
localities  from  which  more  than  one  individual  was 
recovered.   The  dates  of  chrons,  subchrons  and  polarity 
events  used  in  this  study  are  based  on  those  of  Berggren 
et  al.  (1985)  and  Harland  et  al.  (1982). 

Otway  Basin 

Hamilton  Local  Fauna 

The  Hamilton  Local  Fauna  is  located  on  the  bank  of 
the  Grange  Burn,  approximately  7  km  west  of  Hamilton  (37° 
43'  S,  141°  57.3'  E)  (Fig.  7.1).   This  location  has 
produced  an  extensive  early  Pliocene  fauna  which 
currently  totals  some  described  28  taxa  (Rich  et  al.,  in 
press).   The  fossil  bearing  horizon  consists  of  a  1.5  m 
thick  paleosol  which  contains  the  remains  of  soft  woods, 


100 


in  growth  position,  as  well  as  large  numbers  of  teeth  and 
rare  bone  fragments.   The  paleosol  is  underlain  by  the 
marine  Grange  Burn  Formation,  which  has  been  assigned  a 
Kalimnan  Stage  age  on  the  basis  of  its  contained 
molluscan  fauna  (Ludbrook,  1973) .   The  paleosol  is 
overlain  by  a  1.5  m  thick  basalt  flow  that  has  been 
isotopically  dated  by  the  ^^K-^^hr   method  at  4.46  +  0.01 
Ma  (Rich  et  al . ,  in  press;  corrected  from  an  original 
date  of  4.35  +  0.01  Ma  from  Turnbull  et  al.,  1965  using 
the  revised   K-  Ar  decay  constants  in  Steiger  and 
Jager,  1977) . 

Three  sites  from  the  basalt  and  four  from  the 
paleosol  were  collected  for  magnetic  polarity 
stratigraphy  studies.   Results  from  demagnetization 
experiments  indicate  that  all  seven  sites  carry  a  normal 
magnetic  polarity  (Fig.  7.2)  (Whitelaw,  1990b). 
Therefore,  both  the  bone  bearing  paleosol  and  the 
overlying  basalt  were  formed  during  the  same  normal 
magnetic  polarity  event.   The  recalculated  ^°K-^°Ar  age 
of  4.46  -   0.01  Ma  for  the  basalt  falls  within  the  4.40  - 
4.47  Ma  normal  polarity  event  of  the  lower  Gilbert  Chron. 
This  correlation  agrees  with  the  magnetic  polarity 
stratigraphy  results  and  indicates  that  the  age  of  the 
paleosol,  and  the  Hamilton  Local  Fauna  which  it  contains, 
must  also  fall  within  the  4.40  -  4.47  normal  event. 
Given  the  upper  age  constraint  provided  by  the  basalt. 
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the  age  of  the  Hamilton  Local  Fauna  is  constrained  to 
4.46  +  0.01  -  4.47  Ma. 
Forsyth ^s  Bank 

The  Forsyth's  Bank  fauna  was  recovered  from  the 
marine  Grange  Burn  Formation,  on  the  bank  of  the  Grange 
Burn,  approximately  8  km  west  of  Hamilton,  (37°  43.7'  S, 
141°  56.7'  E)  (Fig.  7.1).   The  fauna  consists  of  a  single 
ramus  of  Protemnodon  sp.  and  is  the  oldest  Tertiary 
vertebrate  known  in  Victoria.   The  current  age 
constraints  for  this  fossil  are  defined  by  the  Kalimnan 
Stage  marine  invertebrate  fauna  with  which  the  ramus  was 
associated  (Ludbrook,  1973) ,  and  by  the  presence  of  an 
overlying  basalt,  which  is  the  same  flow  as  that  at  the 
Hamilton  Local  Fauna  locality  where  a  ^^K-'^^Ar  age  of 
4.46  +  0.01  Ma  was  established  (Turnbull  et  al.,  1965). 

Four  sites  were  collected  from  the  Forsyth's  Bank 
locality  in  an  attempt  to  resolve  a  magnetostratigraphy 
for  the  section  (Fig.  7.2)  (Whitelaw,  1990b).   However, 
demagnetization  results  were  inconclusive  because  of  what 
appears  to  be  a  strong  post-depositional  normal 
overprint.   One  site  was  identified  as  carrying  a 
reversed  magnetic  polarity  but  the  other  three  had  their 
original  direction  of  magnetization  obscured  by  the 
normal  overprint.   The  identification  of  a  magnetic 
polarity  zone  on  the  basis  of  a  single  site  is  not 
warranted,  therefore,  a  magnetostratigraphically  derived 
age  can  not  be  established.   The  best  age  estimate  for 
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the  Forsyth's  Bank  fauna  remains  greater  than  4.4  6  +  0.01 
Ma  and  within  the  Kalimnan  Stage. 

Nelson  Bay  Local  Fauna 

The  Nelson  Bay  Local  Fauna  has  been  recovered  from 
units  of  the  Nelson  Bay  Formation  some  5  km  south  of 
Portland,  Victoria  (38°  36'  S,  141°  35'  E) .   The  Nelson 
Bay  Formation  is  restricted  to  within  the  Nelson  caldera 
and  is  underlain  by  basalts  that  are  locally  exposed  at 
Cape  Nelson  and  Cape  Grant,  and  overlain  by 
biocalcarenites  of  the  Bridgewater  Formation.   The  latter 
is  overlain  by  the  modern  dune  complexes  and  soils  of  the 
Malanganee  Formation  (Boutakoff ,  1963) .   Only  one 
macropodine  taxon,  Baringa  nelsonensis.  has  been  formally 
described  (Flannery  and  Hann,  1984) ,  but  current  studies 
indicate  the  presence  of  at  least  21  taxa  in  this  local 
fauna. 

Age  contraints  prior  to  magnetostratigraphic  studies 
are  based  on  the  '^^K-'^^Ar  ages  of  basalts  collected  from 
the  Nelson  caldera  at  Cape  (Sir  William)  Grant  of  2.76  - 
0.03  Ma  and  3.20  -   0.04  Ma  (Aziz-ur-Rahman  and  McDougall, 
1972)  and  on  the  presence  of  Globorotalia 
truncatul iniodes  which  occurs  throughout  the  Nelson  Bay 
Formation  (Hann,  1983).   G.  truncatul iniodes  first  occurs 
in  the  southern  hemisphere  at  ca.  1.9  Ma  (Srinivasan  and 
Kennett,  1981;  Kennett  and  Srinivasan,  1984)  and  its 
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presence  indicates  a  lower  age  constraint  of  1.9  Ma  for 
the  Nelson  Bay  Local  Fauna. 

A  total  of  16  sites  were  collected  from  three  cliff 
sections  within  the  caldera  (MacFadden  et  al.,  1987). 
These  included  12  sites  from  the  Nelson  Bay  Formation  and 
four  from  the  Bridgewater  Formation  (Fig.  7.2).   The 
polarities  of  15  out  of  the  16  sites  were  successfully 
interpreted  and  all  were  identified  as  belonging  to  a 
single  zone  of  reversed  polarity.   Given  the  <1.9  Ma  age 
constraint  provided  by  the  presence  of  G. 

truncatuliniodes  and  a  reversed  magnetic  polarity  for  the 
composite  section,  the  age  of  the  Nelson  Bay  and 
Bridgewater  Formations  must  occur  in  the  late  Matuyama 
Chron,  above  the  Olduvai  Subchron  (MacFadden  et  al., 
1987).   Therefore,  an  age  1.66  -  0.73  Ma  is  indicated  for 
the  Nelson  Bay  Local  Fauna. 

Port  Phillip  Basin 

Parwan  Local  Fauna 

The  Parwan  Local  Fauna  was  recovered  from  interbasalt 
sediments  during  the  excavation  of  a  railway  cutting  2  km 
southeast  of  Bacchus  Marsh  (37°  41.5'  S,  144°  27'  E) 
(Fig.  7.1).   The  fauna  includes  Sarcophilus.  a  vombatid, 
a  phalangerid  and  rodents  (Woodburne  et  al.,  1985  after 
Wilkinson  pers.  comm. ,  1972).   The  age  of  greater  than 
3.31  or  3.64  Ma,  assigned  to  this  fauna  by  Woodburne  et 
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al.  (1985),  is  based  on  a  correlation  of  the  basalt 
overlying  the  fossil  bearing  horizon,  to  the  basalts  of 
the  Bullengarook  flow  to  the  north,  across  the 
Lerderderg/Werribee/Parwan  Valley.     K-  Ar  ages  of  3.31 
+  0.01  Ma  and  3.64  ±  0.01  Ma  have  been  established  for 
the  Bullengarook  flow  at  a  locality  some  15  km  north  of 
Bacchus  Marsh  (McKenzie  et  al . ,  1983). 

Magnetostratigraphic  samples  were  collected  from  the 
Parwan  section  and  the  Bullengarook  flow  so  that  the 
cross  valley  correlation  of  Woodburne  et  al.  (1985)  could 
be  tested  (Whitelaw,  1990c) .   Twelve  sites,  three  from 
the  lower  flow,  six  from  the  interbasalt  sediments  that 
produced  the  Parwan  Local  Fauna,  and  three  from  the  upper 
flow,  were  sampled  from  a  4.5  m  thick  section  at  the 
Parwan  locality  (Fig.  7.3).   Four  sites  were  also  sampled 
from  the  Bullengarook  flow,  at  a  waterfall  where  samples 
for  the  isotopic  dates  of  McKenzie  et  al.  (1983)  had  been 
collected.   Ten  of  the  12  sites  collected  from  the  Pairwan 
section  could  be  utilised  in  determining  a 
magnetostratigraphy.   All  ten  were  of  normal  magnetic 
polarity.   Three  of  the  four  sites  analyzed  from  the 
Bullengarook  basalt  were  successfully  demagnetized  and 
all  were  of  reversed  magnetic  polarity  (Fig.  7.3).   These 
results  indicate  that  a  correlation  between  the  upper 
basalt  at  Parwan  and  the  Bullengarook  flow  is  not 
possible. 
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An  alternative  age  for  the  Parwan  Local  Fauna  may  be 
suggested  by  making  use  of  a  ^^K-^^hr   date  of  4.12  +  0.04 
(corrected  from  an  original  date  of  4.03  +  0.04  using  the 
revised  ^  K-  Ar  decay  constants  of  Steiger  and  Jager, 
1977)  derived  from  basalts  sampled  from  a  locality  some 
3.25  km  northwest  of  the  Parwan  section  (Aziz-ur-Rahman 
and  McDougall,  1972).   Both  the  Parwan  section  and  this 
locality  occur  on  the  south  side  of  the 

Lerderderg/Werribee/Parwan  Valley.   Outcrop  patterns  on 
the  geologic  map  published  by  Roberts  (1985)  suggest  that 
the  basalts  exposed  at  the  two  localities  may  be  part  of 
the  same  flow  or  complex  of  flows.   They  may  also  be 
related  to  eruption  centers  located  to  the  south  of 
Bacchus  Marsh,  rather  than  to  the  Bullengarook  flow, 
whose  eruption  center  is  located  some  2  0  km  to  the  north. 
The  correlation  between  the  Parwan  basalt  and  the  basalt 
dated  at  4.12  +  0.04  Ma  is  further  supported  by  an 
earlier  magnetostratigraphic  study  by  Aziz-ur-Rahman 
(1971)  who  sampled  and  identified  two  normal  polarity 
sites  (Site  Nos.  39  and  40)  at  the  latter  locality.   A 
date  of  4.12  ±  0.04  Ma  falls  within  the  4.10  -  4.24  Ma 
Nunivak  subchron  of  the  Gilbert  Chron.   This  date  is  in 
agreement  with  the  magnetic  polarity  determinations  of 
Aziz-ur-Rahman  (1971)  and  allows  a  possible  correlation 
to  the  Parwan  normal  polarity  section.   Therefore,  a  new 
age  of  4.10  -  4.24  Ma  is  proposed  for  the  Parwan  Local 
Fauna. 
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Figure  7.3 


Magnetostratigraphy  and  Correlation  to  the 
Magnetic  Polarity  Timescale  for  the  Boxlea, 
Parwan,  Coimadai  and  Mines  Quarry  Local 
Fauna  Sections. 
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Coimadai  Local  Fauna 

The  Coimadai  Local  Fauna  was  recovered  from  the 
lacustrine  Coimadai  Dolomite  during  mining  operations  at 
Alkemade's  Quarry  (Officer  and  Hogg,  1897-8)  some  8  km 
northwest  of  Bacchus  Marsh  (37°  37'  S,  144°  29.5'  E) 
(Fig.  7.1).   The  fauna  was  first  described  by  DeVis  (in 
Officer  and  Hogg,  1897-8)  but  many  of  his  determinations 
are  considered  doubtful.   The  material  is  currently  being 
revised  and  described  by  Turnbull  et  al.  (in  press)  and 
includes  Euowenia  sp. ,  Zygomaturus  sp. ,  Vombatus,  Kurrabi 
sp.,  Macropus.  Protemnodon  and  Troposodon. 

The  section  at  Alkemade's  Quarry  consisted  of  an 
exposure  of  the  Coimadai  Dolomite,  which  is  overlain  by  a 
15  cm  thick  ash  layer  which,  in  turn,  is  overlain  by  a 
series  of  sands  and  gravels.   This  sequence  has  been 
correlated  to  small  outcrops  located  south  and  southwest 
of  Alkemade's  Quarry  that  consist  of  exposures  of  a 
freshwater  limestone  (the  Coimadai  Dolomite) ,  which  are 
overlain  by  a  thin  layer  of  ash  and  the  basalts  of  the 
Bullengarook  flow  (Coulson,  1924;  Roberts,  1984; 
Woodburne  et  al . ,  1985).   Alkemade's  Quarry  is  now 
submerged  under  the  waters  of  Lake  Merrimu,  making  the 
fossil  bearing  horizon  inaccessible  for  this  study. 
However,  I  was  able  to  visit  the  site  in  1985  when  the 
reservoir  was  partly  drained,  and  observed  that  the 
lithologies  exposed  in  the  Coimadai  Dolomite  and  the  ash 
lying  on  top  appear  to  be  identical  to  exposures  located 
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to  the  south  and  southwest.   Consequently,  for  this 
study,  an  exposure  located  in  a  clay  quarry  on  the  east 
side  of  the  Bacchus  Marsh-Gisborne  Road  and  4  km 
southwest  of  Alkemade's  Quarry,  was  chosen  as  a 
substitute  magnetostratigraphic  section. 

The  substitute  section  consists  of  a  5  m  sequence, 
the  base  of  which  consists  of  a  white  clay  member  of  the 
Werribee  Formation.   This  is  overlain  by  2  m  of  the 
Coimadai  Dolomite,  also  a  member  of  the  Werribee 
Formation,  which  is  then  overlain  by  a  10  cm  thick  white 
ash  and  at  least  3  metres  of  undoubted  Bullengarook  flow 
basalts  (Fig.  7.3)  (Whitelaw,  1990c).   These  basalts  have 
been  isotopically  dated  by  the  '*°K-'^°Ar  method  at  3.31  ± 
0.03  and  3.64  +  0.03  Ma  at  a  waterfall  10.5  km  north  of 
the  clay  quarry  (McKenzie  et  al.,  1983).   A  total  of 
seven  sites  were  collected  from  this  section  including 
four  from  the  Coimadai  Dolomite  and  three  from  the 
Bullengarook  flow  basalt.   Three  of  the  Coimadai  Dolomite 
sites  and  one  of  the  Bullengarook  basalt  sites  produced 
useful  magnetostratigraphic  data.   All  four  sites  were  of 
reversed  magnetic  polarity  and  appear  to  represent  a 
single  polarity  event.   The  reversed  magnetic  polarity  of 
the  Bullengarook  flow  further  confirms  the  reversed 
polarity  established  at  the  waterfall  site,  as  previously 
discussed  (Fig.  7.3). 

A  correlation  to  the  magnetic  polarity  timescale  is 
made  possible  by  the  isotopic  dates  of  McKenzie  et  al. 
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(1983).   The  date  of  3.64  ±  0.03  Ma  falls  within  the  3.40 
-  3.88  segment  of  the  Gilbert  Chron  and  is  therefore,  in 
agreement  with  the  magnetic  polarity  determined  for  the 
section.   The  date  of  3.31  +  0.03  falls  within  a  normal 
polarity  zone  suggesting  that  it  is  an  underestimate  of 
the  true  age.   Woodburne  et  al.  (1985)  also  prefer  the 
3.64  +  0.03  Ma  date,  and  on  the  assumption  that  the 
exposures  of  the  Coimadai  Dolomite  at  this  locality  are 
identical  to  those  at  Alkemade's  Quarry,  suggest  an  age 
of  greater  than  3.64  Ma  for  the  Coimadai  Local  Fauna. 
Since  the  Coimadai  Dolomite  appears  to  have  formed  during 
the  same  polarity  event  as  the  Bullengarook  flow  a  basal 
age  constraint  of  3.88  Ma  is  indicated  for  the  Coimadai 
Dolomite.   Therefore,  an  age  of  3.64  —  0.03  -  3.88  Ma  is 
indicated  for  the  Coimadai  Local  Fauna. 

Boxlea  Local  Fauna 

The  exposure  of  the  section  that  produced  the  Boxlea 
Local  Fauna  is  currently  in  a  flooded  part  of  the  Boxlea 
coal  mine.   Therefore,  no  magnetostratigraphic  studies 
were  conducted  at  this  locality.   However,  the  study  at 
Parwan,  which  has  already  been  described  in  this  report, 
casts  new  light  on  the  possible  age  of  the  Boxlea  Local 
Fauna  and  will  be  discussed  here. 

The  mine  is  located  near  the  mouth  of  the  Parwan 
Creek,  1.5  km  east  of  Bacchus  Marsh  (37°  41.6'  S,  144° 
27.3'  E)  (Fig.  7.1).   The  fauna  includes  Propleopus. 
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Vombatus .  Trichosurus  and  small  macropodids  (Woodburne  et 
al.,  1985)  and  was  found  in  a  sandy  clay  of  the  Rowsley 
Formation  at  a  level  4.2  m  above  the  coal  horizon  (note 
curated  with  specimens  in  the  Victorian  Museum) . 
Woodburne  et  al.  (1985)  note  that  the  fossil  site  lies 
beneath  a  weathered  basalt  flow  that  near  Parwan  is 
separated  by  interbasalt  sediments  from  the  overlying 
Bullengarook  flow.   On  the  basis  of  isotopic  dates 
produced  for  the  Bullengarook  flow  by  McKenzie  et  al. 
(1983)  an  age  of  greater  than  3.31  or  3.64  Ma  was 
indicated  for  the  Boxlea  Local  Fauna. 

Correlation  of  the  basalts  exposed  at  the  Boxlea  coal 
mine  to  those  exposed  at  the  Parwan  railway  cutting  is 
undoubted.   However,  magnetostratigraphic  studies 
conducted  at  Parwan  indicate  that  both  basalts  at  this 
locality  carry  a  normal  magnetic  polarity  whilst  basalts 
of  the  Bullengarook  flow  carry  a  reversed  polarity. 
Therefore,  no  stratigraphic  correlation  can  exist  between 
the  upper  Parwan  flow  and  the  Bullengarook  flow.   A  third 
isotopic  date  of  4.12  +  0.04  Ma  (Aziz-ur-Rahman  and 
McDougall,  1972  corrected  from  an  original  date  of  4.03  + 
0.04  using  the  revised  '^°K-'^°Ar  decay  constant  of  Steiger 
and  Jager,  1977)  is  available  from  the  area,  for  a 
normally  magnetized  basalt  located  3  km  northwest  of 
Boxlea.   This  date  and  normal  polarity  agrees  with  the 
magnetic  polarity  of  the  two  basalt  flows  at  Parwan  and 
suggests  that  the  upper  age  for  the  Boxlea  Local  Fauna 
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should  be  revised  down  to  greater  than  4 . 12  +  0.04  Ma 
(Whitelaw,  1990c) . 

Hines  Quarry  Local  Fauna 

The  Hines (Heins)  Quarry  Local  Fauna  is  currently 
undescribed  but  includes  a  large  concentration  of 
Diprotodon  sp.  as  well  as  Macropus  sp. ,  Protemnodon  sp. , 
Prionotemnus  sp. ,  Sminthopsis  crassicaudata  and  members 
of  the  Muridae  (Rich,  1976;  Long,  unpublished  research, 
1979) .   The  fossils  originate  from  overburden  sands  and 
clays  in  the  Hines  Kaolin  Pit  which  is  located  7 . 5  km 
southwest  of  Bacchus  Marsh  (37°  44'  S,  144°  22'  E)  (Fig. 
7.1).   On  the  basis  of  basalt  blocks  included  with  the 
fossils  and  on  geomorphic  grounds  an  age  of  post-Pliocene 
but  pre-late  Pleistocene  was  suggested  for  the  Hines 
Quarry  Local  Fauna  (Woodburne  et  al.,  1985). 

Seven  magnetostratigraphic  sites  were  sampled  from  a 
5  m  section  of  the  overburden  sediments  in  the  quarry 
wall.   The  base  of  the  section  was  measured  from  the  top 
of  the  Werribee  Formation  clays,  the  target  of  mining 
operations  in  this  pit.   The  section  consisted  of  a  1.3  m 
thick  basal  unit,  a  correlative  of  the  bone-bearing 
horizon,  which  is  dominated  by  ferruginous  sands  and 
gravels.   This  unit  also  contained  a  large  concentration 
of  basalt  blocks.   It  is  overlain  by  a  0.4  m  thick 
paleosol  which,  in  turn,  is  overlain  by  in  excess  of  3  m 
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of  white,  silty  clay.   Of  the  seven  sites  sampled,  five 
produced  statistically  significant  results,  all  of  which 
indicate  normal  magnetic  polarity  (Fig.  7.4).   The  post- 
Pliocene  but  pre-late  Pleistocene  age  indicated  by 
Woodburne  et  al.  (1985),  based  on  geomorphic  arguments, 
provides  a  calibration  for  the  magnetostratigraphy  of 
this  locality  and  suggests  a  Brunhes  Chron  or  Jaramillo 
Normal  Event  age  for  the  section.   Therefore,  an  age  of 
less  than  0.98  Ma  is  indicated  for  the  age  of  the  Hines 
Quarry  Local  Fauna. 

Dog  Rocks  Local  Fauna 

The  Dog  Rocks  Local  Fauna  was  recovered  from  a 
fissure  fill  deposit  in  the  overburden  unit  of  the 
Australian  Portland  Cement  Limited  (APCL)  quarry  at 
Batesford,  Geelong  (144°  11'    E,  38°  6.5'  S)  (Fig.  7.1). 
It  consists  mostly  of  isolated  teeth  and  bone  fragments 
and  currently  includes  some  29  taxa  (Whitelaw,  1989) . 
This  material  was  recovered  from  fissure-fill  sediments 
within  the  Moorabool  Viaduct  Sands  which  is  assigned  a 
Kalimnan  Stage  age  on  the  basis  of  the  invertebrate  fauna 
that  it  contains  (Abele  et  al.,  1988).   The  Moorabool 
Viaduct  Sands  and  the  fissure  fill  sediments  are  overlain 
by  a  flow  of  the  Newer  Volcanics  basalts  (Fig.  7.5). 
This  basalt  is  one  member  of  a  series  of  flows  exposed  at 
a  group  of  quarries  located  some  3  km  south  of  the  APCL 
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quarry.   Woodburne  et  al.  (198  5)  use  an  average  of  three 
^^K-  Ar  dates  established  by  Aziz-ur-Rahman  and 
McDougall  (1972)  for  basalts  in  these  quarries  to 
indicate  an  age  of  2.03  +  0.13  Ma  for  the  basalt 
overlying  the  fissure  fills  at  the  APCL  quarry.   This 
age,  together  with  the  invertebrate  fauna  recovered  from 
the  Moorabool  Viaduct  Sands,  is  used  to  indicate  an  age 
of  2.0  -  4.0  Ma  for  the  Dog  Rocks  Local  Fauna. 

In  an  effort  to  narrow  the  age  constraint  of  the 
fauna,  a  series  of  17  magnetostratigraphic  sites  were 
sampled  from  a  32  m  thick  composite  section.   These 
consisted  of  one  sample  from  the  Newer  Volcanics  basalt, 
11  from  the  Moorabool  Viaduct  Sands,  and  five  from  the 
underlying  Fyansford  Formation.   Ten  sites  produced 
viable  magnetic  polarity  results  and  all  were  of  reversed 
polarity  (Fig.  7.5).   The  reversed  polarity  for  the  Newer 
Volcanics  basalt  is  in  agreement  with  the  suggested  age 
of  2.03  +  0.13,  Ma  which  falls  within  the  2.02  -  2.47  Ma 
reversed  polarity  zone  of  the  early  Matuyama  Chron  (based 
on  the  timescales  of  Harland  et  al.,  1982;  and  Berggren 
et  al.,  1985).   The  age  of  the  underlying  Moorabool 
Viaduct  Sand  can  not  be  uniquely  constrained  to  a  single 
reversed  polarity  zone.   However,  the  age  range  of  2.0  - 
4.0  Ma  indicated  by  Woodburne  et  al.  (1985)  allows  only 
two  possible  correlations  to  the  magnetic  polarity 
timescale.   These  are  either  the  early  Matuyama  reversed 
polarity  event  (2.02  -  2.47  Ma)  or  the  Gilbert  Chron 
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(3.40  -  3.88  Ma).   The  nature  of  the  fauna,  especially 
the  number  of  rodents  recovered,  tends  to  support  a  late 
Pliocene  age  for  this  locality.   Therefore,  an  age  of 
2.03  —  0.13  -  2.47  Ma  is  suggested  for  the  age  of  the  Dog 
Rocks  Local  Fauna. 

Duck  Ponds  Local  Fauna 

The  Duck  Ponds  Local  Fauna  was  discovered  in  1875 
during  the  excavation  of  railway  viaduct  foundations  at 
Lara  (formerly  Duck  Ponds,  38°  2'    S,  144°  24.4'  E)  (Smyth 
R.  Brough,  1876)  (Fig.  7.1).   The  fauna,  which  includes 
Thylacoleo  carnifex,  Diprotodon  cf.  p.  longiceps. 
Protemnodon  cf .  P.  anak  and  Macropus  titan  was  discovered 
at  a  depth  of  6.4  m  below  the  level  of  Hovell's  Creek 
in  fluviatile  sediments  (Wilkinson,  1972) .   The 
fluviatile  sediments  are  overlain  by  the  freshwater  Lara 
Limestone  and,  together,  constitute  the  Q2  sediments  of 
Spencer-Jones  (1970).   Spencer-Jones  uses  a  Ql,  Q2 ,  Q3 
nomenclature  to  characterize  the  oldest  to  youngest 
Quaternary  sediments  in  the  area.   At  the  viaduct  the  Q2 
sediments  are  underlain  by  a  flow  of  the  Newer  Volcanics 
(Nvl)  basalt  (Keble,  1945). 

On  the  basis  of  the  fauna,  Wilkinson  (1972)  indicated 
that  the  Duck  Ponds  Local  Fauna  was  older  than  the  late 
Pleistocene  Lake  Colongulac  Fauna  and  probably  of  early- 
middle  Pleistocene  age.   Woodburne  et  al.  (1985)  assuming 
a  correlation  between  the  basalt  in  the  viaduct 
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foundations  and  Nvl  basalts  exposed  on  the  nearby 
Werribee  Plain,  proposed  a  maximum  age  of  1.66  Ma  for  the 
age  of  the  Duck  Ponds  Local  Fauna.   This  age  is  based  on 
a  '^^K-'^^Ar  date  of  1.66  +  0.03  Ma  published  by  Aziz-ur- 
Rahman  and  McDougall  (1972)  on  a  basalt  sampled  some  6  km 
to  the  northeast  of  Lara. 

In  an  effort  to  further  constrain  the  age  of  the  Duck 
Ponds  Local  Fauna,  a  search  was  conducted  for  a  suitable 
substitute  for  the  now-buried  viaduct  foundation  section. 
No  suitable  Q2  exposures  were  available,  therefore,  a 
section  containing  older  sediments  (Ql)  and  a  basalt  was 
chosen  in  order  to  confirm  or  better  constrain  the  age  of 
less  than  1.66  Ma  suggested  by  Woodburne  et  al.  (1985). 
The  site  chosen  is  located  on  the  west  side  of 
Limeburner's  Bay,  into  which  Hovell's  Creek  flows,  some  6 
]an  downstream  from  the  railway  viaduct  (38°  4.5'  S,  144° 
24'  E) .   It  consists  of  a  5.7  m  cliff  section  that  is 
characterized  by  a  flow  of  the  Newer  Volcanics,  exposed 
at  or  below  the  high  water  mark,  which  is  overlain  by  a  2 
m  exposure  of  Ql  sediments  which,  in  turn,  are  overlain 
by  a  second,  3.5m  thick,  flow  of  the  Newer  Volcanics 
(Nvl)  basalt. 

A  total  of  seven  magnetostratigraphic  sites  were 
sampled,  with  four  taken  from  the  Ql  sediments  and  three 
from  the  overlying  Newer  Volcanics  basalt  (Fig.  7.5). 
All  seven  sites  produced  statistically  significant 
results  and  all  were  of  reversed  polarity  (Whitelaw, 
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1990d) .   As  the  Ql  sediments  are  defined  to  be  of 
Quaternary  age  (Spencer-Jones,  1970)  the  reversed 
polarity  result  indicates  that  they  must  have  an  age  of 
0.73  -  0.91  or  0.98  -  1.66  Ma  and  that  the  age  of  the 
overlying  basalt  must  also  fall  within  the  same  range. 
Since  the  Q2  sediments  that  contain  the  Duck  Ponds  Local 
Fauna  must  be  younger  than  the  Ql  sediments  exposed  at 
Limeburner's  Bay,  the  most  conservative  interpretation  of 
the  Limeburner's  Bay  magnetostratigraphy  provides  an 
independent  confirmation  of  the  Woodburne  et  al.  (1985) 
age  estimate  of  less  than  1.66  Ma  for  the  Duck  Ponds 
Local  Fauna. 

Limeburner^s  Point  Local  Fauna 

The  Limeburners  Point  Local  Fauna  was  discovered  in 
1895  at  a  lime  kiln  works  at  Limeburner's  Point  (formerly 
Point  Galena,  38°  10'  S,  144°  24.4'  E)  (Pritchard,  1895) 
(Fig.  7.1).   It  is  currently  under  study  by  Turnbull  at 
the  Field  Museum  in  Chicago  and  includes  Diprotodon 
"lonqiceps"  McCoy,  Sthenurus  cf.  S.  orientalis  and 
Sarcophilus  (Turnbull,  pers.  comm. ,  1990).   The  fauna  was 
recovered  from  a  Q2  freshwater  limestone  (after  Spencer- 
Jones,  1970)  which  is  considered  to  be  contemporaneous 
with  the  Lara  Limestone  (Daintree,  1863;  Keble,  1945;  and 
Spencer-Jones,  1970) .   On  the  basis  of  local  stratigraphy 
and  the  included  mammal  assemblage,  Wilkinson  (1972) 
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assigned  an  age  of  early-middle  Pleistocene  for  the 
Limeburner's  Point  Local  Fauna. 

Keble  (1945)  provided  a  complete  description  of  the 
cliff  exposure  at  Limeburner's  Point,  but  much  of  the 
cliff  has  been  obscured  or  destroyed  since  then. 
However,  outcrops  of  the  freshwater  limestone  are 
preserved  at  sea  level  and  four  paleomagnetic  sites  were 
collected  from  a  2.5  m  thick  outcrop.   All  four  sites 
produced  statistically  significant  normal  magnetic 
polarities  (Whitelaw,  1990d)  (Fig.  7.5).   Given  the  age 
constraint  indicated  by  Wilkinson  (1972)  and  further 
constraints  suggested  for  the  older  Duck  Ponds  Local 
Fauna  (Woodburne  et  al.,  1985;  this  report)  the  normal 
polarity  sequence  identified  at  Limeburner's  Point  can 
only  be  assigned  to  the  Brunhes  Chron  or  the  Jaramillo 
Normal  Subchron.   Therefore  an  age  of  less  than  0.98  Ma 
is  assigned  to  the  Limeburner's  Point  Local  Fauna. 

Murray  Basin 

Fisherman^ s  Cliff  Local  Fauna 

The  Fisherman's  Cliff  Local  Fauna  is  the  second 
oldest  assemblage  of  terrestrial  mammals  known  from  the 
Murray  Basin,  of  New  South  Wales.   It  is  located  on  the 
north  (N.S.W)  bank  of  the  Murray  River  approximately  22.5 
km  west  of  Wentworth  (34°  7'  S,  141°  39'  E)  (Fig.  7.1). 
The  fauna  currently  totals  22  taxa  and  includes  Glaucodon 
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ballaratensis .  Antechinus.  Perameles,  Diprotodon  sp. , 
Lasiorhinus.  a  series  of  macropodines  including  Potorous, 
Laqostrophus .  Macropus  (Osphranter) ,  Petroqale  and 
Protemnodon  cf.  P.  otibandus.  and  a  diverse  suite  of 
rodents  (Crabb,  1975) .   On  geomorphic  arguments  and  the 
presence  of  G.  ballaratensis  and  P.  otibandus.  Marshall 
(1973)  proposed  a  late  Pliocene  to  Pleistocene  age  for 
the  Fisherman's  Cliff  Local  Fauna.   Later,  on  the  basis 
of  the  diversity  of  the  murid  fauna,  Crabb  (1975) 
suggested  a  "lower"  (early)  Pleistocene  age. 

The  fauna  was  recovered  from  a  2  0  m  cliff  and  a 
series  of  associated  gullies  that  expose  the 
riverine/lacustrine  Moorna  Formation.   The  Moorna 
Formation  is  the  basal  unit  of  the  Lake  Bungunnia  paleo- 
lake  series,  which  formed  as  a  result  of  the  Pliocene 
tectonic  damming  of  the  Murray  River  (Bowler,  1980) .   It 
is  separated  from  the  overlying  Chowilla  Sand  and  the 
Blanchetown  Clay,  the  other  members  of  the  Lake  Bungunnia 
series,  by  the  regionally  important  Karoonda  Surface 
(Gill,  1973).   This  surface  is  marked  by  an  unconformity 
in  the  section  at  Fisherman's  Cliff  but  in  other  areas  it 
is  represented  by  a  paleosol  or  silcrete  (Gill,  1973) 
(Fig.  7.6) . 

The  presence  of  both  the  Blanchetown  Clay  and  the 
Karoonda  Surface,  at  Fisherman's  Cliff,  allows  a 
stratigraphic  correlation  to  a  composite  section  composed 
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of  a  cliff  sequence  at  Chowilla  and  a  core  taken  from 
Lake  Victoria.   A  general  magnetostratigraphy  established 
for  the  composite  section  (Bowler,  1980)  allowed 
Woodburne  et  al.  (1985)  to  suggest  an  age  of  late 
Pliocene  and  close  to  2.5  Ma  for  the  Fisherman's  Cliff 
Local  Fauna.   Shortly  thereafter,  An  et  al.  (1986) 
published  a  detailed  regional  magnetostratigraphy  based 
on  the  Chowilla-Lake  Victoria  section.   This  allowed  a 
test  of  the  Woodburne  et  al.  (1985)  age  for  the 
Fisherman's  Cliff  Local  Fauna  by  direct 
magnetostratigraphic  sampling  of  the  Fisherman's  Cliff 
locality  and  comparision  between  it  and  the  An  et  al. 
(1986)  study. 

Twenty-one  magnetostratigraphic  sites  were  collected 
from  the  Fisherman's  Cliff  section.   These  included  12 
from  the  Moorna  Sand,  two  from  the  Chowilla  Sand  and 
seven  from  the  Blanchetown  Clay.   Fourteen  sites  produced 
results  that  allowed  interpretation  of  the  magnetic 
polarity  sequence  (Whitelaw,  1990a) .   The 
magnetostratigraphy  is  characterized  by  a  basal  section, 
within  the  Moorna  Sand  of  reversed  magnetic  polarity, 
that  is  overlain  by  a  zone  of  normal  polarity  which 
continues  up  through  the  rest  of  the  Moorna  Sand,  the 
Karoonda  Surface,  the  Chowilla  Sand  and  the  entire 
exposure  of  the  Blanchetown  Clay  (Fig.  7.6).   At  the 
Chowilla  section  of  An  et  al .  (1986),  the  Karoonda 
Surface  as  represented  by  a  paleosol,  was  also  found  to 
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occur  within  a  zone  of  normal  magnetic  polarity  that  was 
identified  as  the  late  Gauss  Subchron.   The  magnetic 
polarity  and  stratigraphic  correlations  established 
between  the  Chowilla  and  Fisherman's  Cliff  sections 
indicates  that  the  age  of  the  Fisherman's  Cliff  Local 
Fauna  is  restricted  to  the  upper  normal  Gauss  Subchron 
(2.47  -  2.92  Ma).   The  short  reversed  polarity  sequence 
at  the  base  of  the  Fisherman's  Cliff  section  is  here 
interpreted  as  being  the  Kaena  Event  (2.92  -  2.99  Ma). 

Bone  Gulch  Local  Fauna 

The  Bone  Gulch  Local  Fauna  was  recovered  from  a 
series  of  gullies  that  are  incised  into  the  Blanchetown 
Clay  approximately  1  km  west  of  Fisherman's  Cliff  (34°  7' 
S,  141°  37'  E)  (Fig.  7.1).   The  fauna  includes  seven 
mammalian  taxa  with  Thylacoleo  sp. ,  Phascolonus  sp.  cf . 
P.  magmas,  and  members  of  the  Diprotodontidae,  the 
Macropodidae  and  the  Muridae  being  recognized  (Marshall, 
1973).   Marshall  (1973)  indicated  that  the  fauna  did  not 
provide  any  biochronologic  control  on  the  age  of  this 
locality.   However,  Gill  (1973)  ,  noted  that  this  exposure 
of  the  Blanchetown  Clay  occurred  stratigraphically  higher 
in  the  Bungunnia  series  than  the  exposure  at  Fisherman's 
Cliff  and  was  therefore,  younger.   However,  it  is  still 
considered  to  lie  towards  the  base  of  the  Blanchetown 
Clay  (Crabb,  1977;  Woodburne  et  al.,  1985). 
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At  Bone  Gulch  five  magnetostratigraphic  sites  were 
sampled  from  a  2  m  thick  exposure  of  the  Blanchetown 
Clay.   Four  of  the  five  sites  produced  statistically 
significant  polarity  indications,  all  of  which  were 
reversed.   This  section  may  be  correlated  to  the  reversed 
polarity  Matuyama  Chron  (0.73  -  2.47  Ma)  by  correlation 
to  the  composite  magnetic  polarity  stratigraphy 
established  for  the  region  by  An  et  al .  (1986)  at 
Chowilla.   The  maximum  age  is  also  constrained  by  the 
stratigraphically  lower  Fisherman's  Cliff  section,  where 
the  presence  of  the  normal  late  Gauss  Subchron  (2.47  - 
2.92  Ma)  implies  a  maximum  age  of  2.47  Ma  for  the  Bone 
Gulch  Local  Fauna.   The  late  Pliocene  or  early 
Pleistocene  age  suggested  by  Woodburne  et  al.  (1985) 
provides  a  further  constraint  and  indicates  a  probable 
early  Matuyama  Chron  age.   Therefore,  an  age  of  1.87  - 
2.47  Ma  is  proposed  for  the  Bone  Gulch  Local  Fauna. 


Discussion 


Figure  7.7  illustrates  the  age  ranges  for  all  of 
the  mammalian  local  faunas  reviewed  in  this  study. 
Together,  their  ranges  form  an  en  echelon  progression 
from  the  early  Pliocene  into  the  late  Pleistocene.   This 
suggests  that  analysis  of  the  faunal  content  of  these 
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assemblages  may  form  the  basis  for  a  mammalian  based 
biostratigraphy .   Such  analyses  were  made  by  visual 
review  of  presence/absence  tabulations  for  all  taxa  (at 
generic  level)  known  in  the  local  faunas  studied  in  this 
report  and  for  all  taxa  (generic  level)  currently  known 
from  Pliocene  and  Plio-Pleistocene  localities  in 
Australasia  (data  obtained  from  Rich  et  al . ,  in  press; 
Woodburne  et  al.,  1985;  Long,  1979;  Crabb,  1975; 
Wilkinson,  1972  and  Turnbull,  pers.  comm. ,  1990). 
Attempts  were  also  made  to  group  local ites  by  computer, 
on  the  basis  of  presence/absence  data,  using  both 
principal  components  and  factor  analysis  programs.   Due 
to  the  poor  quality  of  the  data  set  however,  computer 
analyses  were  largely  unsuccessful.   The  visual  review 
also  failed  to  produce  a  broadly  applicable 
biostratigraphy,  but  some  results  were  encouraging. 

Figure  7.8  presents  the  age  ranges,  as  defined  in 
this  study  and  in  other  parts  of  Australasia,  of  all  taxa 
(generic  level)  known  from  the  examined  localities. 
There  are  two  major  trends  that  can  be  observed  in  this 
diagram.   First,  the  taxa  represented  in  these  localities 
are  dominated  by  relative  conservatism  in  terms  of  rates 
of  evolution.   Many  taxa  have  first  appearance  datums 
(FADs)  in  the  early-middle  Pliocene  and,  once  etablished, 
continue  until  the  Recent.   Of  the  4  5  recognized  taxa,  3  5 
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have  FADs  recorded  from  localities  examined  in  this  study 
whilst  the  other  ten  come  from  local  faunas  found  in 
other  parts  of  the  continent,  notably  northern  Queensland 
and  the  Northern  Territory.   Four  taxa  are  restricted  to 
a  single  locality  and  only  one  has  an  established  last 
appearance  datum  (LAD)  older  than  the  latest  Pleistocene. 
Consequently,  any  biostratigraphy  that  could  be  developed 
at  present  is  totally  dependent  on  FADs  for  calibration. 
The  second  trend  observable  in  Fig.  7.8  is  that  the 
age  range  distribution  (at  generic  level)  is  dominated  by 
a  small  number  of  local  faunas,  notably  Hamilton  (29 
taxa),  Fisherman's  Cliff  (10  taxa).  Dog  Rocks  (17  taxa) 
and  Nelson  Bay  (19  taxa) .   This  trend  is  probably 
attributable  to  a  sampling  bias,  these  four  sites  being 
the  only  ones  that  have  been  collected  with  the  aid  of 
extensive  sieving  operations.   The  other  eight  local 
faunas  have  been  collected  through  surface  prospecting 
operations  or  through  fortuitous  discovery  during 
construction  or  mining  operations.   As  a  result  of  this 
trend  any  biostratigraphy  derived  from  this  study  is 
largely  a  function  of  the  faunas  and  ages  of  these  four 
assemblages. 

The  concentration  of  useful  biostratigraphic  taxa 
within  a  few  local  faunas  exposes  a  zonation  scheme  based 
on  those  taxa  to  several  biases  which  are  difficult  to 
evaluate.   A  problem  exists  with  geographic  distribution, 
raising  the  question  of  whether  the  age  ranges  of  taxa 
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from  these  southeastern  Australian  local  faunas  are 
applicable  to  their  central,  northern  or  western 
Australian  counterparts.   Also,  a  strong  paleo- 
environmental  bias  is  caused  by  habitat  variation  between 
sites,  with  both  the  Hamilton  and  Nelson  Bay  local  faunas 
currently  being  recognised  as  rainforest  communities 
(Turnbull  (1965);  Turnbull  et  al.,  (1987a, b,c);  Flannery 
(pers.  comm. ,  1989)),  and  the  others  inferred  to  be  open 
forest  or  plains  communities.   Rainforest  environments 
seem  to  encourage  endemism  and  sometimes  act  as  temporal 
refugia  when  competition  becomes  too  great  in  the  open 
forest  and  plains  niches  (Flannery,  1990) .   Therefore, 
the  usefulness  of  age-range  extrapolations  of  taxa 
inhabiting  rainforest  communities  to  their  open  forest 
and  plains  dwelling  siblings  remains  questionable. 

Another  bias  that  should  be  recognised  is  simply  the 
paucity  of  the  Australasian  fossil  mammal  record  as  a 
whole.   This  is  due  to  limitations  on  the  number  of 
paleontologists,  little  emphasis  on  micro-vertebrate 
collection,  a  lack  of  appropriately  aged  depositional 
environments  and  an  excess  of  soil  profile  development 
and  erosion.   For  the  entire  country  there  are  only  34 
currently  recognised  Pliocene  or  Plio-Pleistocene 
vertebrate  faunas  (Rich  et  al.,  in  press).   Of  these, 
only  11  have  faunal  lists  that  contain  ten  or  more  taxa 
and,  for  the  most  part,  the  material  is  generally  very 
poorly  preserved  or  completely  fragmented. 
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Identification  to  species  level  is  often  difficult  and 
not  always  reliable.   It  is  for  this  reason  that  the 
biostratigraphic  analyses  discussed  in  this  study  were 
made  at  generic  level.   The  mammalian  groups  that 
currently  offer  the  most  promise  as  useful 
biostratigraphic  indicators  include  the  Diprotodontidae 
(Woodburne,  1985) ,  the  Macropodidae  (Flannery,  1990) ,  the 
Ektopodontidae  (Archer,  1987)  and  the  Muridae.   However, 
none  of  these  groups  are  yet  sufficiently  well  known  to 
be  useful  on  a  continent  wide  basis. 

In  summary,  the  state  of  knowledge  summarized  in 
this  study  is  not  yet  sufficiently  advanced  to  provide  a 
chronologically  controlled  mammalian  biostratigraphy  for 
the  Australian  continent.   However,  with  prudent  use 
these  data  may  be  used  as  a  basic  biostratigraphic  guide 
for  the  southeastern  part  of  the  continent  and  a  general 
guide  for  the  remainder.   More  basic  research,  in  the 
form  of  continued  development  of  known  localities, 
discovery  of  new  localities  and  continued  application  of 
chronologic  dating  techniques  is  required  before  a  more 
universal  zonation  scheme  may  be  developed.   This  study 
does,  however,  put  the  southeastern  local  faunas  on  a 
firm  chronologic  basis.  Hopefully,  it  can  be  used  as  a 
springboard  that  will  encourage  similar  dating  projects 
in  the  central  and  northern  parts  of  the  continent,  that 
will  lead  to  the  development  of  a  universal 
biostratigraphic  zonation  scheme  for  Australia. 


HAMILTON  SECTION 


APPENDIX  1 
PROCESSED  MAGNETIC  DATA 


Sample 

:#   Sample 

Sample 

Mean  Dec° 

Mean  Inc' 

100.1 

15.0 

-71.8 

100.2 

356.5 

-70.8 

100.3 

44.4 

-70.0 

101.1 

350.7 

-6.0 

101.2 

6.1 

-46.7 

101.3 

7.2 

-53.6 

102.1 

54.1 

-43.2 

102.2 

44.1 

-50.6 

102.3 

24.9 

-54.8 

103.1 

54.5 

-56.2 

103.2 

17.7 

-65.6 

103.3 

195.8 

-59.3 

104.1 

306.4 

-48.5 

104.2 

313.4 

-41.0 

104.3 

306.9 

-56.9 

105.1 

348.6 

-64.4 

105.2 

15.4 

-56.0 

105.3 

5.2 

-51.0 

106.1 

342.6 

-53.7 

106.2 

334.5 

-55.1 

106.3 

331.5 

-52.8 

Site 


Site 


a95    R 


18.8 


359.7 


42.2 


62.9 


309.2 


4.3 


336.2 


-71.8   103.9   12.2   3.0 


-36.0     9.3   43.0   2.8 


-50.2    53.1   17.1   3.0 


-79.3     5.7   57.4   2.6 


-48.8    93.5   12.8   3,0 


-57.6    70.6   14.8   3.0 


-54.0   509.1 


5.5   3.0 


FORSYTH'S  BANK  SECTION 


Sample 

#   Sample 

Sample 

Site 

Site 

Mean  Dec° 

Mean  Inc° 

Mean  Dec° 

Mean  Inc° 

200.1 

245.1 

-41.4 

200.2 

240.1 

-40.0 

200.3 

238.4 

-42.1 

241.2 

-41.2 

201.1 

239.0 

-47.9 

201.2 

67.7 

48.7 

201.3 

192.9 

66.4 

186.3 

62.2 

202.1 

249.8 

-59.1 

202.2 

274.7 

-61.3 

202.3 

277.5 

-66.9 

266.3 

-63.0 

203.1 

145.5 

73.3 

203.2 

117.4 

63.9 

203.3 

112.2 

53.2 

121.0 

64.1 

823.2 


a95    R 


4.3   3.0 


1.0   44.5   1.0 


98.0   12.5   3.0 


43.8   18.9   3.0 
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PARWAN  SECTION 


Sample 

#   Sample 

Sample 

Site 

Site 

Mean  Dec° 

Mean  Inc° 

Mean  Dec° 

Mean  Inc 

100.1 

48.8 

-66.7 

100.2 

257.8 

7.6 

100.3 

21.6 

-68.9 

0.3 

-54.6 

101.1 

342.7 

-73.4 

101.2 

1.1 

-71.8 

101.3 

3.4 

-71.9 

344.0 

-69.4 

102.1 

23.0 

-65.8 

102.2 

25.8 

-67.0 

102.3 

58.8 

-61.4 

18.9 

-68.6 

103.1 

337.5 

-66.6 

103.2 

342.5 

-77.7 

103.3 

300.5 

-57.5 

339.6 

-81.2 

104.1 

336.1 

-14.4 

104.2 

14.8 

-56.6 

104.3 

316.1 

-32.9 

349.2 

-37.8 

105.1 

187.5 

-13.5 

105.2 

358.0 

-76.3 

105.3 

295.4 

-13.1 

275.8 

-56.8 

106.1 

185.1 

-13.2 

106.2 

187.1 

-11.7 

106.3 

195.5 

-11.0 

189.5 

-13.7 

107.1 

38.6 

-13.2 

107.2 

184.3 

-73.5 

107.3 

349.9 

-51.9 

25.8 

-70.8 

108.1 

18.1 

-44.9 

108.2 

12.3 

-31.9 

108.3 

43.7 

-48.6 

27.4 

-48.8 

109.1 

348.3 

-18.5 

109.2 

358.6 

-29.0 

109.3 

345.0 

-28.3 

344.8 

-36.8 

110.1 

282.8 

-74.0 

110.2 

5.4 

-59.3 

110.3 

106.4 

-6.5 

279.1 

-80.4 

111.1 

3.8 

15.6 

111.2 

312.3 

-9.3 

a95    R 


11.3   38.5   2.8 


2588.7    2.4   3.0 


1865.2    2.9   3.0 


6.6   52.6   2.7 


8.3   45.8   2.8 


1.4   41.8   1.6 


216.9    8.4   3.0 


5.1   61.2   2.6 


67.4   15.1   3.0 


86.6   13.3   3.0 


24.7   25.3   2.9 


111.3      123.4       -8.1      114.6       -7.9     1.0   44.6   1.0 


COIMADAI  SECTION 
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Sample 

;#   Sample 

Sample 

Site 

Site 

Mean  Dec° 

Mean  Inc° 

Mean  Dec° 

Mean  Inc° 

200.1 

126.2 

21.9 

200.2 

150.1 

21.9 

200.3 

202.4 

22.2 

158.8 

25.4 

201.1 

140.4 

-33.7 

201.2 

158.3 

44.7 

201.3 

128.9 

12.6 

140.9 

8.5 

202.1 

34.7 

14.2 

202.2 

22.7 

5.7 

202.3 

117.5 

7.1 

55.3 

12.0 

203.1 

178.9 

24.6 

203.2 

118.3 

7.8 

203.3 

142.9 

-44.8 

145.9 

-3.7 

204.1 

342.9 

19.6 

204.2 

288.1 

-31.4 

204.3 

285.7 

23.7 

305.7 

13.6 

205.1 

302.9 

16.0 

205.2 

189.4 

-3.7 

205.3 

297.2 

17.7 

269.2 

15.6 

206.1 

123.0 

4.6 

206.2 

125.7 

10.4 

206.3 

117.3 

11.6 

122.0 

10.3 

a95    R 


5.3   60.0   2.6 


3.9   73.1   2.5 


2.7   81.9   2.3 


3.1   87.3   2.4 


4.0   72.8   2.5 


1.8   15.6   1.9 


335.4 


6.7   3.0 


BULLENGAROOK  FLOW  SECTION 


Sample 

#   Sample 

Mean  Dec° 

300.1 

114.1 

300.2 

122.0 

300.3 

147.6 

301.1 

181.9 

301.2 

99.3 

301.3 

122.4 

302.1 

187.9 

302.2 

175.3 

302.3 

86.9 

303.1 

96.6 

303.2 

141.2 

303.3 

125.1 

Sample 
Mean  Inc° 
13.4 

5.9 
31.8 

1.0 
-0.5 
10.6 
15.0 
10.6 

8.1 
34.8 

5.1 
-1.1 


Site 


Site 


Mean  Dec  Mean  Inc 


126.9 


112.3 


158.8 


122.6 


17.5 


3.1 


20.5 


10.0 


a95    R 


15.1   32.9   2.9 


36.3   20.8   2.9 


19.2   29.0   2.9 


6.8   51.7   2.7 


HINES  QUARRY  SECTION 
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Sample!   Sample 


300. 
300. 
300. 
301. 
301. 
301. 
302. 
302. 
302. 
303. 
303. 
303. 
304. 
304. 
304. 
305. 
305, 
305. 
306, 
306, 
306, 


Mean  Dec 
357.6 

3 

355 

340 

0 

355.2 

18.7 

3 

190 

202 

7 

210.8 

61.5 

301 

13 

113 

61 

312 


4 
4 
1 
0 


6 
8 
5 
2 
9 

32.2 

29.9 

2.6 


Sample 
Mean  Inc° 

-45.5 

-52.9 

-49.8 

-43.1 

-53, 

-43, 

-41, 

-57, 

-60, 

-45, 

-44. 

-54, 

1. 

17, 

-73, 
1, 
22 
-8.8 

-46.0 

-46.2 

-47.2 


Site 


Site 


Mean  Dec  Mean  Inc 


7 

0 
.1 
,5 

7 
,6 

3 
,6 
.5 
,7 
,1 
,4 
.6 


358.7 


351.2 


13.4 


227.4 


6.0 


54.3 


21.8 


-49.4   317.2 


-46.9 


-71.8 


-73.9 


-26.2 


11.7 


4.1 


2.9 


1.3 


1.1 


a95    R 


6.9   3.0 


74.5   14,4   3.0 


-47.4   52.2 


71.6   2.5 


88.8   2.3 


43.2   1.4 


44.0   1.3 


17.2   3.0 


LIMEBURNER'S  BAY  SECTION 


Sample 


100. 
100. 
100. 
101. 
101. 
101. 
102. 
102. 
102. 
103. 
103. 
103. 
104. 
104. 
104. 
105. 
105. 
105, 
106, 
106, 
106, 


#  Sample 
Mean  Dec° 
161.3 
150.2 
152.9 
162.9 
162.4 
153.0 
147.1 
153.2 
359.0 
343.9 
159.9 
146.3 
162.9 
184.6 
169.3 
151.0 
147.4 
155.5 
183.8 
192.1 
191.1 


Sample 


Site 


Site 


Mean  Inc  Mean  Dec^  Mean  Inc^ 


66 
57 
48 
64 
53 
58 
43 
56 
64 
46 
42 
33 
35 
35 


5 

9 

6 

2 

5 

5 

,5 

.2 

,9 

,6 

,8 

,2 

,9 

,2 


41.5 
56.8 
55.4 
39.7 
35.1 
39.7 
39.3 


154.1 


159.4 


133.9 


144.0 


172.4 


151.8 


188.9 


57.7       74.7 


58.8    177.7 


68.8 


65.4 


5.0 


2.4 


37.9       71.7 


50.7       67.8 


38.1    337.8 


a95         R 


14.4       3.0 


9,3       3.0 


62.1       2.6 


68.0       2.1 


14.7       3.0 


15. 1       3,0 


6.7       3.0 


LIMEBURNER'S  POINT  SECTION 
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Saitiple#      Sample 


Sample 


Mean  Dec^ 

Mean  Inc 

200.1 

101.2 

-46.6 

200.2 

6.2 

-58.6 

200.3 

40.7 

-23.7 

201.1 

5.4 

-52.6 

201.2 

333.1 

-65.3 

201.3 

332.3 

-65.0 

202.1 

338.4 

-67.6 

202.2 

308.8 

-50.2 

202.3 

321.2 

-56.8 

203.1 

315.1 

-61.6 

203.2 

304.7 

-61.7 

203.3 

303.4 

-54.1 

Site      Site 
Mean  Dec°  Mean  Inc° 


50.8 


346.3 


323.8 


307.4 


-49.6 


5.2 


-61.9   46.3 


-58.9   45.3 


-59.2  222.6 


a95    R 


60.4   2.6 


18.3   3.0 


18.5   3.0 


8.3   3.0 


BONE  GULCH  SECTION 


Sample#   Sample 


Sample 


Site 


Site 


Mean  Dec° 

Mean  Inc 

Mean  Dec"^ 

Mean  Inc 

100.1 

216.8 

31.8 

100.2 

342.9 

22.5 

100.3 

55.7 

14.3 

1.8 

57.2 

101.1 

353.6 

42.2 

101.2 

5.4 

87.4 

101.3 

177.2 

58.1 

348.3 

84.1 

102.1 

91.7 

61.6 

102.2 

135.9 

38.8 

102.3 

322.4 

58.3 

37.3 

81.7 

103.1 

38.2 

55.8 

103.2 

171.9 

63.7 

103.3 

155.4 

64.9 

139.9 

69.4 

104.1 

339.5 

42.5 

104.2 

17.2 

38.1 

104.3 

17.5 

39.0 

5.4 

41.2 

1.2 


4.3 


8.1 


8.1 


23.9 


a95    R 


43.4   1.4 


68.9   2.5 


46.6   2.8 


34.4   3.0 


25.8   2.9 
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FISHERMAN'S  CLIFF  SECTION 

Sample#  Sample  Sample    Site      Site 

Mean  Dec°  Mean  Inc°  Mean  Dec°  Mean  Inc°    k     a95    R 

100.1  219.6  50.9 

100.2  331.7  68.7 

100.3  129.7  51.1  189.2                 77.0         4.5         67.1      2.6 

101.1  172.5  10.4 

101.2  294.2  74.4 

101.3  288.5  42.9  232.1                 60.6         2.2         59.9       2.1 

102.1  284.7  -36.3 

102.2  176.1  -29.7 

102.3  203.3  39.1  216.7               -14.9         1.6         34.8       1.8 

103.1  19.3  -41.7 

103.2  341.5  -49.8 

103.3  341.6  -53.3  355.5               -49.7       26.1          24.6       2.9 

104.1  149.1  42.3 

104.2  155.2  6.0 

104.3  55.8  -46.1  130.0                     1.8          1.7          33.9       1.8 

105.1  193.9  -12.3 

105.2  147.6  -58.7 

105.3  98.0  9.9  146.2               -26.0         2.1         50.7       2.0 

106.1  354.6  -28.0 

106.2  306.6  -45.4 

106.3  345.9  -46.2  337.5              -41.8       14.0         34.3       2.9 

107.1  121.4  -28.1 

107.2  354.6  -41.4 

107.3  224.3  -23.8  173.4               -76.5         1.4         41.4       1.6 

108.1  92.4  7.8 

108.2  350.1  72.3 

108.3  332.1  -73.0  18.4               -38.6         1.3         42.8       1.5 

109.1  191.2  -49.2 

109.2  125.7  -53.0 

109.3  296.7  -81.5  166.1              -69.5         7.1         50.2       2.7 

110.1  93.4  7.9 

110.2  340.9  -46.9 

110.3  215.9  -58.3  70.6              -71.5         1.4         42.2       1.5 

111.1  345.7  -69.8 

111.2  76.5  -51.8 

111.3  316.2  -77.6  30.1              -74.8         9.3         41.4       2,8 

112.1  8.3  -30.0 

112.2  65.1  -82.1 

112.3  311.7  -77.1  4.5              -66.6         6.4         53.5       2.7 

113.1  303.7  -66.7 

113.2  308.4  -65.5 

113.3  304.2  -61.1  305.4               -64.5    640.1            4.9       3.0 

114.1  347.2  -40.4 

114.2  344.5  -29.1 

114.3  336.7  -18.1  342.4               -29.3       44.5         18.7       3.0 

115.1  84.1  50.9 

115.2  11.3  -76.0 

115.3  311.3  -36.8  356.1               -60.8          1.0          44.6       1.0 

200.1  321.9  -40.8 

200.2  331.1  -49.9 
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7.6      -54.1    2.3    67.6   2.2 


347.0      -48.8   28.8    23.4   2.9 


339.6      -58.7  100.7    12.4   3.0 


204.3      340.1      -49.6      261.4      -53.6    1.3    42.2   1.5 


DOG  ROCKS  SECTION 


200.3 

84.6 

-18.6 

201.1 

339.5 

-42.4 

201.2 

8.8 

-44.9 

201.3 

329.7 

-55.4 

202.1 

337.3 

-49.7 

202.2 

339.7 

-64.8 

202.3 

342.7 

-61.4 

204.1 

157.2 

-32.8 

204.2 

271.8 

4.7 

Sample*   Sample    Sample    Site      Site 


^    — 

Mean   Dec° 

Mean   Inc° 

101.3 

74.8 

-57.0 

101.3 

22.1 

-49.7 

301.2 

174.9 

10.5 

302.2 

344.8 

60.8 

302.4 

45.2 

34.8 

305.1 

112.8 

23.7 

305.2 

214.8 

47.1 

305.3 

123.2 

12.9 

107.2 

143.2 

7.8 

103.1 

349.3 

64.6 

103.3 

277.2 

16.4 

304.1 

207.0 

32.7 

304.2 

262.0 

8.9 

304.3 

19.4 

33.6 

104.1 

352.2 

41.2 

104.2 

266.6 

39.9 

104.3 

344.7 

11.8 

303.1 

161.4 

37.0 

303.2 

111.0 

14.1 

303.3 

12.0 

23.7 

306.2 

158.9 

18.8 

306.3 

102.9 

23.3 

307.1 

151.2 

59.9 

307.2 

137.8 

49.9 

307.3 

164.7 

53.6 

105.1 

184.6 

48.7 

105.2 

189.2 

46.6 

105.3 

232.5 

48.0 

308.1 

180.5 

44.8 

308.2 

124.5 

43.2 

308.3 

196.7 

45.7 

309.1 

65.3 

46.3 

309.3 

204.7 

63.0 

106.1 

219.1 

18.9 

106.4 

204.9 

25.2 

206.1 

271.6 

62.2 

206.2 

284.6 

55.0 

206.3 

237.4 

59.9 

Mean  Dec°  Mean  Inc°    k    a95 


138.7  35.2         3.1         87.0      2.4 


264.6  48.9         1.5         39.9       1.7 

325.5  37.1         3.9         73.1      2.5 

98.8  42.4  1.7         26.7       1.9 


150.8  55.0      73.1         14.5       3.0 

201.7  37.1      21.6         27.2       2.9 

167.4  48.9         9.7         42.1      2.8 


265.5  60.6       39.2         20.6       2.9 


APPENDIX  2 
ISOTHERMAL  REMANENCE  MAGNETIZATION  DATA 

TREAT=  TREATMENT  (IxlO""^  A/m)  INTENS=  INTENSITY  (IxlO"^  A/m) 


FISHERMAN'S  CLIFF  SECTION 
SITE:-    101      102      103 


104 


105 


106 


TREAT 

INTENS 

INTENS 

INTENS 

INTENS 

INTENS 

INTENS 

0 

0. 

.11 

0. 

.72 

5. 

.22 

0. 

.83 

0. 

.51 

2. 

.01 

200 

91. 

.97 

391. 

.04 

471. 

.51 

140. 

.84 

71. 

.94 

240. 

,07 

400 

243. 

.18 

877. 

.44 

449. 

.59 

329. 

.18 

118. 

.58 

351. 

,75 

600 

306. 

.69 

1076. 

.85 

1722. 

.27 

420, 

.02 

145. 

.65 

477. 

,15 

800 

322. 

.20 

1232. 

.26 

1838, 

.05 

444, 

.80 

159, 

.06 

466. 

,33 

1000 

299. 

.07 

1320. 

.15 

1960, 

.44 

492, 

.35 

167, 

.39 

471. 

.02 

1200 

357. 

.45 

1379. 

.20 

1912, 

.86 

479, 

.25 

176. 

.94 

470. 

.78 

1400 

346. 

.69 

1408. 

.06 

2026, 

.49 

499, 

.41 

182, 

.13 

506. 

.13 

1600 

342. 

.98 

1435. 

.91 

2035, 

.99 

491, 

.70 

181, 

.61 

523. 

.75 

1800 

344. 

.04 

1463. 

,62 

2052, 

.16 

522, 

.89 

182, 

.92 

482. 

.27 

2000 

341. 

.78 

1478. 

.93 

2051, 

.48 

491, 

.28 

188, 

.54 

504. 

.81 

2500 

331. 

.78 

1503. 

.79 

1782, 

.54 

494, 

.23 

184, 

.77 

507. 

.20 

3000 

341. 

.72 

1516, 

,27 

2079, 

.68 

504, 

.29 

192, 

.54 

505. 

.26 

3500 

332, 

.70 

1547, 

.17 

2184, 

.20 

508, 

.51 

193, 

.08 

511. 

.57 

FISHERMAN'S  CLIFF  SECTION 
SITE:-    107      108      109 


110 


111 


112 


TREAT 

INTENS 

INTENS 

INTENS 

INTENS 

INTENS 

INTENS 

0 

3. 

.88 

2. 

.55 

5. 

.04 

3. 

.57 

6, 

.93 

17, 

.35 

200 

476. 

.27 

434. 

.87 

334. 

.59 

1101. 

.47 

665, 

.32 

1973, 

.89 

400 

798. 

.76 

651, 

.58 

428. 

.87 

981. 

.56 

1199, 

.04 

3703, 

.87 

600 

708. 

.39 

815, 

.58 

614. 

.81 

1095. 

.95 

1864, 

.02 

4224, 

.29 

800 

828, 

.20 

859, 

.87 

656. 

.97 

1919. 

.67 

1818, 

.92 

4227, 

.96 

1000 

873, 

.63 

893, 

.22 

668. 

.30 

1962. 

.10 

2537, 

.95 

4300, 

.34 

1200 

653, 

.08 

637, 

.64 

695. 

.24 

1942. 

.81 

2565, 

.45 

4306. 

.88 

1400 

635, 

.59 

837, 

.81 

685, 

.19 

1998. 

.24 

2593, 

.19 

4882, 

.95 

1600 

869, 

.93 

799, 

.98 

713, 

.16 

1910. 

.98 

2592, 

.05 

5173, 

.02 

1800 

914, 

.32 

865, 

.22 

727. 

.77 

1919. 

.77 

2627, 

.22 

4450, 

.20 

2000 

914, 

.32 

811, 

.45 

731, 

.06 

1925. 

.15 

2615, 

.88 

4141, 

.12 

2500 

862, 

.37 

801, 

.52 

646, 

.01 

1947, 

.32 

2626, 

.59 

4308, 

.89 

3000 

806, 

.08 

595, 

.25 

754, 

.34 

1905, 

.25 

2718, 

.44 

4277, 

.08 

3500 

857, 

.70 

838, 

.91 

751, 

.42 

1926, 

.99 

2695, 

.22 

4313, 

.84 

139 


140 


FISHERMAN'S  CLIFF  SECTION 
SITE:-    113      114 


BULLENGAROOK  FLOW  SECTION 
SITE:-     801      803 


TREAT  INTENS 

INTENS 

0 

18, 

.78 

0, 

.10 

200 

741, 

.36 

70, 

.70 

400 

2112, 

.86 

128, 

.80 

600 

2226, 

.21 

158, 

.74 

800 

2366, 

.81 

176, 

.98 

1000 

2340, 

.76 

186. 

.01 

1200 

2421. 

.92 

198. 

.59 

1400 

2403, 

.82 

192. 

.59 

1600 

2509. 

.11 

207. 

,58 

1800 

2455. 

.45 

209. 

.75 

2000 

2503. 

,08 

214. 

,95 

2500 

2464. 

.80 

219. 

,65 

3000 

2482. 

,23 

221. 

,74 

3500 

2528. 

,94 

222. 

.06 

TREAT 

0 

200 

400 

600 

800 

1000 

1200 

1400 

1600 

2000 

2500 

3000 

3500 


INTENS 
3.63 
5728.08 
7555.85 
7765.75 
8037.46 
7841.42 
7792.08 
8148.71 
8007.15 
8010.40 
8123.03 
8141.25 
8061.96 


INTENS 
2.60 
6417.10 
9156.14 
9596.08 
9750.41 
9592.77 
9492.04 
9806.38 
9928.12 
9762.00 
9946.70 
9774.65 
9998.89 


BONE  GULCH  SECTION 
SITE:-    100      101 


102 


103 


FORSYTH'S  BANK  SECTION 
SITE:-  201 


TREAT 

INTENS 

INTENS 

INTENS 

INTENS 

0 

0, 

.78 

0.03 

0.38 

0.09 

200 

94, 

.24 

16.78 

8.15 

8.88 

400 

33.63 

14.35 

17.13 

600 

45.05 

19.84 

23.17 

800 

51.90 

22.94 

27.03 

1000 

56.33 

24.92 

29.20 

1200 

59.76 

26.52 

31.26 

1400 

62.16 

27.83 

32.88 

1600 

64.15 

28.70 

33.98 

1800 

65.63 

29.68 

35.10 

2000 

66.81 

30.42 

36.34 

2500 

69.65 

31.61 

36.78 

3000 

71.11 

32.38 

37.59 

3500 

72.64 

32.47 

38.14 

TREAT 

INTENS 

0 

0.10 

200 

5.92 

400 

5.26 

600 

22.49 

800 

23.81 

1000 

25.95 

1200 

27.69 

1400 

27.15 

1600 

27.63 

2000 

27.92 

2500 

28.70 

3000 

28.11 

3500 

30.48 

141 


PARWAN  SECTION 
SITE:-    101 


104 


105 


106 


109 


TREAT  INTENS 

INTENS 

INTENS 

INTENS 

INTENS 

0 

76, 

.52 

0, 

.04 

1, 

.74 

11, 

.61 

112, 

,19 

200 

1401, 

.08 

7, 

.00 

130, 

.08 

370, 

.62 

3299, 

.96 

400 

2299, 

.89 

22, 

.97 

328, 

.34 

588, 

.29 

6857, 

.86 

600 

4889. 

.15 

35, 

.05 

391, 

.63 

632. 

.22 

7522, 

.70 

800 

5669, 

.22 

35, 

.56 

426, 

.13 

749. 

.43 

8004, 

.79 

1000 

6352. 

,17 

40, 

.46 

457. 

.97 

664. 

.46 

8147, 

.22 

1200 

7023. 

.09 

51. 

.14 

477. 

.69 

783. 

.33 

7475, 

.58 

1400 

7457. 

.68 

47. 

.49 

470. 

.98 

619. 

.53 

8296. 

.54 

1600 

7835. 

,52 

59. 

,66 

507. 

,24 

811. 

.68 

8312. 

.71 

2000 

8061. 

,18 

63. 

,36 

587. 

,28 

1047. 

.47 

6022. 

.86 

2500 

8363. 

,50 

69. 

,30 

508. 

.31 

1082. 

.94 

8544. 

.97 

3000 

8336. 

.76 

73. 

.22 

524, 

.50 

767. 

.83 

6695. 

.98 

3500 

8598. 

,39 

75. 

,95 

528. 

,80 

1060. 

,09 

8583. 

.51 

COIMADAI  SECTION 
SITE:-    200      204 


HINES  QUARRY  SECTION 
SITE:-    301      302 


303 


305 


TREAT 

INTENS 

INTENS 

TREAT 

INTENS 

INTENS 

INTENS 

INTENS 

0 

0.21 

70. 

.69 

0 

2.05 

0.43 

0.01 

6.46 

200 

124.39 

8799. 

,14 

200 

167.94 

169.02 

0.69 

123.87 

400 

216.43 

400 

387.54 

364.18 

1.74 

337.97 

600 

271.59 

600 

471.88 

477.79 

1.98 

442.94 

800 

274.08 

800 

470.93 

479.64 

2.09 

467.25 

1000 

284.39 

1000 

586.87 

462.09 

2.08 

455,90 

1200 

271.01 

1200 

624.74 

473.21 

2.18 

451.67 

1400 

281.65 

1400 

685.45 

454.47 

2.19 

472.56 

1600 

282.12 

1600 

688.12 

413.41 

2.21 

484.39 

2000 

292.09 

2000 

703.88 

429.22 

2.33 

459.93 

2500 

285.34 

2500 

697.70 

399.46 

2.47 

456.15 

3000 

272.38 

3000 

709.14 

425.14 

2.47 

458.48 

3500 

299.81 

3500 

696.74 

429.83 

2.47 

463.37 
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LIMEBURNER'S  POINT  SECTION     LIMEBURNER'S  BAY  SECTION 
SITE:-    201      202       SITE:-  100      101      103 


105 


TREAT 

INTENS 

INTENS 

TREAT 

INTENS 

INTENS 

INTENS 

INTENS 

0 

0.02 

0.07 

0 

0.02 

0.10 

0.17 

26.53 

200 

1.01 

4.71 

200 

1.63 

2.16 

1.89 

1263.07 

400 

2.93 

7.54 

400 

4.12 

5.38 

5.03 

3500.74 

600 

3.43 

9.02 

600 

6.37 

7.87 

8.21 

4425.39 

800 

3.89 

8.37 

800 

7.18 

9.04 

12.66 

4393.52 

1000 

4.71 

8.37 

1000 

7.95 

9.55 

18.96 

4687.37 

1200 

4.21 

8.53 

1200 

7.41 

10.33 

20.15 

4683.62 

1400 

4.28 

8.59 

1400 

8.50 

10.63 

20.68 

4341.42 

1600 

4.50 

8.72 

1600 

8.91 

10.79 

21.54 

4766.39 

2000 

4.35 

9.11 

2000 

8.63 

13.48 

21.89 

4997.50 

2500 

4.40 

9.66 

2500 

8.69 

11.01 

22.06 

4798.68 

3000 

4.38 

8.90 

3000 

9.05 

16.96 

21.85 

4821.69 

3500 

4.45 

8.97 

3500 

6.92 

18.17 

22.02 

4852.40 

HAMILTON  SECTION 
SITE:-    101      103 


105 


TREAT 

INTENS 

INTENS 

INTENS 

0 

0.04 

0.02 

175.98 

200 

2.53 

2.92 

1397.69 

400 

5.71 

6.72 

3190.53 

600 

8.64 

10.39 

5090.39 

800 

16.86 

16.80 

5684.63 

1000 

18.29 

24.40 

5962.11 

1200 

18.55 

27.24 

6034.73 

1400 

19.82 

28.59 

6279.84 

1600 

19.85 

29.67 

6440.31 

2000 

20.06 

28.54 

6596.28 

2500 

20.41 

31.64 

6613.83 

3000 

20.78 

32.07 

6859.93 

3500 

20.67 

32.92 

6939.95 
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DOG  ROCKS  SECTION 
SITE:-    101      102 


103 


104 


105 


107 


301 


TREAT 

INTENS 

INTENS 

INTENS 

INTENS 

INTENS 

INTENS 

INTENS 

0 

0.01 

0.01 

0.03 

0.07 

0.85 

0.11 

0.01 

200 

0.25 

6.90 

9.26 

0.80 

41.19 

21.64 

2.73 

400 

4.44 

60.17 

21.92 

24.18 

109.40 

53.38 

5.48 

600 

6.74 

87.66 

32.52 

31.71 

137.17 

79.85 

7.43 

800 

8.63 

102.53 

40.87 

36.59 

135.20 

99.25 

8.43 

1000 

8.98 

265.94 

46.94 

40.06 

103.10 

110.52 

9.40 

1200 

9.43 

364.80 

51.35 

43.42 

142.80 

130.75 

9.72 

1400 

9.75 

378.90 

53.80 

44.83 

147.20 

134.67 

9.85 

1600 

10.03 

387.50 

55.84 

45.22 

146.80 

158.32 

10.03 

1800 

10.30 

416.30 

58.24 

46.21 

146.10 

115.95 

10.12 

2000 

10.43 

427.70 

59.73 

46.87 

113.20 

178.77 

10.29 

2500 

10.55 

455.90 

61.53 

47.25 

150.20 

158.00 

10.35 

3000 

10.69 

472.60 

63.49 

47.98 

121.30 

192.31 

10.48 

3500 

10.64 

480.10 

64.66 

48.161 

114.00 

194.94 

10.57 

DOG  ROCKS  SECTION 
SITE:-    302      303 


304 


305 


306 


307 


TREAT 

INTENS 

INTENS 

INTENS 

INTENS 

INTENS 

INTENS 

0 

0.01 

0.01 

0.02 

0.01 

0.01 

0.11 

200 

3.37 

6.88 

6.21 

4.17 

5.03 

21.30 

400 

6.33 

13.13 

10.85 

8.00 

9.15 

49.79 

600 

8.54 

17.74 

14.50 

10.45 

11.80 

70.39 

800 

9.60 

21.25 

16.25 

12.09 

13.51 

89.83 

1000 

9.99 

23.06 

14.50 

13.05 

14.13 

107.11 

1200 

10.66 

24.36 

16.97 

13.72 

14.74 

117.62 

1400 

10.86 

25.52 

18.40 

14.29 

14.85 

125.50 

1600 

11.10 

26.24 

18.57 

14.47 

15.19 

153.14 

1800 

11.28 

27.30 

18.83 

14.98 

15.49 

136.27 

2000 

11.44 

28.11 

19.10 

15.16 

15.55 

140.93 

2500 

11.64 

29.90 

19.44 

15.72 

15.96 

147.03 

3000 

11.74 

30.73 

19.72 

16.03 

16.09 

153.95 

3500 

11.87 

31.56 

19.93 

16.33 

16.27 

179.48 

APPENDIX  3 
STEREO  PLOT  AND  REVERSAL  TEST  OF  CLASS  I  SITES 


Appendix  3.1. 


Stereo  plot  of  all  Class  I  sites  identified 
in  this  study.   X=  Sites  from  the 
Bullengarook  flow  Section  and  from  the 
Coimadai  Section  (which  also  includes  basalts 
of  the  Bullengarook  flow) . 


144 
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Fisher  mean  for  normal  polarity  Class  I  sites 
Dec=  350°   Inc=  -59.7°   Alpha95=  7.6°   N=  27 

Fisher  mean  for  all  reversed  polarity  Class  I  sites 
Dec=  149.2°   Inc=  48.6°   Alpha95=  15.8°   N=  19 

Fisher  mean  for  all  reversed  polarity  Class  I  sites 

excluding  those  from  the  Bullengarook  flow  and  Coimadai 

Sections. 

Dec=  169.2°   Inc=  63°   Alpha95=  13.4°   N=  13 


Appendix  3.2. 


Reversal  Test  for  all  Class  I  sites 
identified  in  this  study,  with  the  exception 
of  those  from  the  Bullengarook  flow  Section 
and  the  Coimadai  Section. 
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to  visit  the  University  of  Florida  to  measure  the  samples 
and  to  consider  an  alternative  Ph.D.  under  his 
supervision.   After  hand  sieving  80  tonnes  of  matrix  from 
the  Dog  Rocks  locality  and  only  recovering  2.5  kg  of  bone 
scrap  and  single  teeth,  there  was  little  hesitation  about 
this  change  in  plans. 

The  new  Ph.D.  was  begun  in  the  Geology  Department  at 
the  University  of  Florida  in  the  northern  spring  of  1987. 
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Research  was  to  be  centered  around  the  paleomagnetic 
dating  and  study  of  a  suite  of  vertebrates  exposed  on  the 
altiplano  of  Bolivia.   During  his  first  field  trip  to  the 
area,  as  part  of  a  larger  expedition  organized  by  Bruce 
MacFadden,  Mick  succumbed  to  a  *bug'  that  prevented  any 
useful  field  work  being  done.   Taking  the  hint,  he 
reversed  gears  and  opted  to  work  in  a  more  hospitable 
clime.   Consequently,  he  returned  to  the  study  of  Plio- 
Pleistocene  mammalian  faunas  from  southeastern  Australia. 
This  time  the  emphasis  was  on  using  magnetic  polarity 
stratigraphy  as  a  means  of  determing  ages  for  this  suite 
of  hitherto  highly  uncooperative  fossil  sites.   This 
dissertation  is  the  product  of  that  research  effort. 
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